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ON THE HASHING PHENOMENA 01 ( ERTAIN 
JYPTS 01 IHSCHAROr 'ITIIHS 

By Jauwb Tatlor B So and William Oiascsojc M Sc 
iNinoDit 1I0^ 

The * fl'ishing* of dischirfye lubes uas fiist dcHcnbed 
for the CT8t ot the (Kg'lim lamp ju i papei Ihe 
Neon Tube as a meins of pi duein^ jnfeimiitent rui rents 
(Vol d4 p i04 Pro( Ph^s S c loud) H Pen son and 
Anson The prcsdit wiitti> txunded (he study of flashing 
to the cases of air disihsigc tulcs ovei a wide lange of 
pressures 

(In onf discharge tube vith platinnom wire elei trader 
/lashing vai obtained do t to a ptissure of 0 07 mms 
and ihe driving vdtage vas in fhii cue ah ut 950 volts 
Under these conditions the negiiixt jhxo ahnost filled the 
bulh of the disth/mge tvhe 

Apart from the ha it nnpond hy tie lollagts aiail 
able fheic vonld appear to he no definih upper Jnnit to 
the pressure at uhuh flashing is [os ible ) 

Thf UrrrR and T owse ( nincAi Voltac fs 

It was found both foi the ORglim lamp and the 
air discharge tubtb of various design, that under given 
conditions of temperature and pressure a definite potential 
across the electrodes tlu sparking potential or upper 
critical voltage Ve-^-was required to initiate the discharge 
This upper critical voltage was definite and repeatable to 
within a few volts *provided the discharge remained under 
identical conditions but was subject to vinations with the 
conditions of experiment (See later ) 

Provided that the discharge was once initiated, the 
voltage across the tube could be decreased to a very much 
lower value Va — the "going out (extinction), or lower 

1 
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ciitical voltage — beioie thi disc huge ceased The flashing 
of dischaigo tubes depends upon the existence of these two 
voltages 

lu the follow 111^ evpLiuncnts discharge iulies in which 
the elettiodes not lu ic than some iew mms apart 

\\ere utilized i hi cn \n d the absent e ot the positive 
column uiul its trn nnit int pht nomen i the conditions 
wcie thus much siiuplci than is usually the case since the 
(looks Daik Spi c lh( 1nr^ltl^e glow and tlu laiaday 
Duik bpat e with n isi n ill> ui modi glow weie the 
only paits of the disc huge in evidence 

llIE )Atl NON O* I I \SIII\G 

If a high lesistanie is connected m series uith a 
SOUK t of \olti„ ind AVith \ clis h irgc tube 1 iving i 
oapatit\ ( shuntid aiDss its elec it tks the continuity of 
the disci) irgc tin ugh the tulie is mtirrupted and it flashes 
at regular inteMsls t time* Between flishis the 
condenser whi li is shunte 1 acioss the tube elcctiodts 
charges up from the lowci eiitii il voltage V* to the upper 
ciitieal voltage ind then disehiigis thiough the tube 
down to the loan uiiral aolt igc again Pearson and 
Anson in thoii p ipei showed th it the totil time period 
('that iH to snv the time loqinitd fir the < on denser to 
charge up and then disdiaige through the tube) is given 
by the expression 

T = *Rjlop4'‘* + R’.l®K.Jl2t^ (I) 

In this equation the time of the luminous period, which 

* If the tube u m ocm plete dArknete there u ofUu e lag la flaehtng 
which luturbe the regularity of the flash This may be completely over 
oome by having a bright light near the tul e by havuig a rsdu>aotive mb 
stance near or in the case of the Osghm lamp hf having another lamp 
under umtinuous discharge near it All these dsfnces provide safflomnt 
ionimtion in the tube to overcome the usual in disohatging 

t In this ^nation 

V = the charging voltage 
R IS the reeistanoe m senes with the tube 
K u the capacity across the elvotrodse 

h and a the lower and upper critical voltages respectively md 
Vr + V R 

Q ■ ^ ^ where r is the reciprocal ot the slope of the 

volt ampere oharaoterutio an 1 Vo is a constant 
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ifl the second term of the lelxtion was deduced by 
utilisation oi the einpnical expression tor the resistance 
of the glowinf]^ lump and the voll i^t across the electrodes 
Ihe piescnt until irs utih/ed 1 impli iheorelual deiivaiion 
of the abo\p leHtion (1) (see let uncc ^ at the end of the 
paper) and obt lined m expiessi n lot the t I'll iimt peiiud 
of the following very siinilai form 

T = ril[lop, I loK. y* _ J ] (2) 

where C is the c^i uity (in mu rot*iiads) across the tube 
terminals B is the stiies itsistiiuc (in mt^ohms), E is 
the charging voltage (in vdts) 1 the condiutance of the 
diRthiij^o tube (hi nt\t papoi p 15) nd 1) is a ( mponite 
expression given by 

where V* is appioximately the 
kathode fall of potential 

Ihere is in alh inative position of the fapacity C for 
obtaining flashing in T\hieh the cipicitx is simply shunted 
across the high resist m e R Phi tbeory of this airange- 
ment has been put toixv ud m inotber piiMous paper 
where the time pciiod relation is slionii ti he of exactly the 
same form as that gnen in itpiati ns (J) in 1 (2) 

In the case wheie is large oinpiu 1 with unity 
the relation of equation (2) may be appioxiinatcd to the 
more simple form 

F — Vfc ( V - V 

T*CR log. i;_4;+ Jb lo*?* vl-vl 

The time penod of flashing should accoiding to these 
relations be directly proportional to the capacity C over a 
range of capacities furthoi since the first term of 
equation (2) is usually large m (orapaiison with the second 
T should be a linear function of B tin senes resistance 
When however the lesi stance hecom'^s small the product 
AR progressively diminishes with R and the second term 
of equation (2) inci eases rapidly su thnt the law departs 
from the linear fonn 1 being of greater value than that 
given by the linear relation It is also evident that T 
should ^ a linear function of the log'inthmir term 
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In connection with the further investigation of the 
flashing phenomena the ptoblem presents itself later of 
introducing resistances or into the circuit as shown 
in Fig 1 

Ini GrNiUAr Pkobiem or tub Liibci oi Bi-sistancks on 
TllL IlXSHlNr 01 DlSCHARfF TUBFS 

One of UH (1 lyloi) his woikod out the following 
generil prohlem of the (ffict of reHistanies on the fl'ishing 
of discharge tubes assuming i liucai volt ampere 
( hur u teristic 


R 


Via 1 

Let be the potential across the tube at any instant 

the potential acioss the condenser ind V the potential 
across plus that across the tube Then we obviously have 
the following relations holding 

(I) + 

(ID 

' 0 

The voltage across the condenser at the end of the 
luminous period may be teimed the apparent lowei critical 
voltage VtS and is given when » Y^ (I) and (II) then 
becomoj 
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(II)' 


V- V» 


— A(Vt — yj, and from these we obtam 




Vi* 


+ R + ^r, 


and substituting for Y we obtain an expression (or VJS the 
apparent lower ciitical voltage, 

l>; - [mv. - v.) + V.] [;_ + 1 + y - (*;) - (5) 

The apparent higher crilu al voltaj^e is given fronl (I) 
When the (ipwit^ is charging up we may neglect the 
tube electrode capacity in comparison with that of the 
condenser across the tube, hence in this case we may put 

Ta 


:0, and assume that Y =3 when discharge com- 


mences, and therefore Y = Y, — 

tj, the time for the condenser to charge up is evidently 
given by the usual form 

h vr 

/ =3 0 (R + r ) log, j 4 ^ _ y » ^^7 he evaluated 

from the values for V{, and Y ob taint d above 

Now duiing dischn^t thiough the tube wc hivt 
Y* — V 

(III) — = — rf/, where ig is the quantity of 

electricity flowing from the condense i in df seconds Or 
we may write (since g = VM substituting in (III) from (I), 


_c.v. 

also from (I), wo have, 

From (II) we have, 

dV =(i:/,+ l) dV, 

Sahstitnting for dV, in (lY) we obtain, 
dVr> 




A dV -B dV 
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= B, and mtro- 


writmg J ^ = A, and ^ 

ducing the ‘ibove value of tiV^ into (III) we obtain 
iV 


- Cr (A - B) 


dt 


-v[ A +n E . V. * 

” [(! + *'.) itj Lif^a +ibjj' 


and the solution ol this equation is the luminous period 
tune t and givts, 

, - Or (A - B) , V, - O 

r k J -1 Vt -O’ 

L 1 + ■*■ E J 


where, 


O -= 


£ 

R 


U + 

V.K' 


(i.V)-(T) 


iiio told turn p(>iio(l IN of (ouisL f^iveu by addition 
ui / and It 18 easily seen that Mhen — ^ that 

the above iuiiii reduces io ihi utdiuary formula oi equation 

(2) 


Ihe ubovc lelilinns ire, ot course, worked out on the 
assumption of a lineii volt ampeie < haiac tensile between 
the uppti iJid liuci (iilu il \olti}^ts ind the lonstam^ of 
these littei voltv^ts undii diltiicnt conditions, and as will 
be shown lutei tlu^e isbuniptioiis ire only paitially justified 
in practuo 


Tin- rxiiHiMiiffitT Rn moNS 

Pt arson 'ind \uson demonstrated the vilidiiy of then 
expression given in equition (1), to the cano of the 
* Osf^lim ’ limp Ihc v\ liters showed fuithci for experi- 
ments on the same type of lamp, thii the general empiiical 
ixpiession foi itsults was, 

T = R(( Eog.g'y* +B) + CF (6) 

B and V being constant when E is fixed * 

Unfoitunately m the case of the ** Osglim ” lamps it 
was only possible to conduct the experiments at one 
piesbuie (The piessuie ih ipproximately the minimum 
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volta^i pusbuio iui llit iieun helium luixluie ot gases with 
which the lamps ait hlltd ) 

In the case ui ui dischuge tubts, o\ei a fuiily wide 
lunge ot picssmc'^ iht uuthcirb hive shewn toi the circuit 
ariaugement in which tbt condcusti is m luss the lesisiame 
K, that to i till dt(^ite ot accuiucv the time period 
relation ib repitbcnted^hy, 

r «0U (Log, I v" - B) + ^ (6) 

whete B, ind <l> are constants foi a ftied pressure, 

18 always gieatci than unity, and B and are small 
constants 

it is notice ible Ihcicioit that although the time period 
1 IS a lineal tuncliou ot C U md the logarithm factor, 
^tl uwiii^ to the iiitioduc tic 11 ui the (oust ant a, the 
tApetiiiiLUl il tiuiL p( tiud lb in excess ol the theoretical one 
In some t isc^ howe\ei, at ceitain pressures, ** a ’* 
appioitliLd vei> neii to unity ihe an mi ily may, oi 
coutbc be l>ouud up in au^ ot the vniibles C, R or the 
logiiithniic lac tor oi in a cc nibinition ot them, and it 
was not found possible until ciuite recently to Ihrow any 
light on the problem 

Tiu Vahiatxon oi mih TJiiih and Lowir Critical 

A Ol 1 VCiLS 

Ihe value oi the uppei ciiticil voltage has been 
tound to V iiy somcwhit uiidei diftciuit cunditn iib ind it 
IS important tint it should be meusurt 1 uncUi conditions 
sinulii to those which will exist duiuig the expcinueots 

Vf has a highei value initially than hen the discharge 
has jubt ceased 'lad is somewhat lower lu vilue when lapid 
flashes oic tu1 mg plue thiough tht tube, due presumably 
to the persistence, m some foim oi othci of loniAation 
around the kathode ‘ Indeed when the value of the 
capacity shunted icross the tube clectiodes is such as to 
give (when 'i telephone is included in the iinuit) notes of 
either audible fiec[uenov oi highei the note may be main- 
tained, provided that the discharge is once initiated, at 
values of E, the charging voltage, very considerably b^ow 
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the normal value V* the upper critical voltage” Pro- 
vided that flaahes in which there is no great time period 
discrepancy are involved is suihciently constant for 
prdctK il purpobts 

It has been shown that the lower critical voltage Vb may 
vary con«>id(iabl^ iroin its normal value according to the 
magnitude of the capacity aciObS the discharge tube 
electrodes * 

In the case uf the an discharge tubes on which the 
writers experimented, the lower critical voltage value 
under Ihe existing (onditions is usually greater than that 
given bv the volt-ampeie < har utenstn s (see p 12 of the 
present vol ) lud inci eases with increase of the magnitude 
of the capacit> across the tulie When the capacities are 
of the order of 1 microfarad the rate of change of is slow 
and may be regarded as almost constant 

Further work on the vaiiation of Yb^ under different 
conditions is in progress 


TilE H>STSTA\CI CoNDinONS NbCFSSARY TOR THh 
Maintlnancij oi* hj^smm in Discieahoi!. Iubl CiRcurra 
It iM obviouM fiom *1 considciation of the conditions of 
flashing that it will be impossible to obtain any flashes 
whatsoever when the valm of the circuit lesistanoe 11 is 
decreased beyond a ceitain dehnite lowei limit 

If we assume for the discharge tube a perfectly general 
\ult-ampeie ch uucteristic instead of the linear form, we 
may wiite, 

»=-*(V) (7) 

where t is the current through the tube, and ^ (Y) is a 
continuous function of the voltage across the discharge 
tube dec tiodes Let us consider the conditions during any 
instant of the luminous period, then if Y is the voltage 
across llie tube electrodes we have, the quantity of electri- 
city flowing through the resistance R into the cmpaoiiy 
frcmi the charging battery is given by 
B — Y 

dqi «■ . ett , m the tune dt seconds 


< 8 ) 
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and the quantity of electiioity flowing through the tube 
in the same time is 


dq^==^(V) (9) 

Obviously if iq ^ di^ the discharge will become steady, 
for the loss of c hni>^e across the tube is balanced by the 
flow into the roidcnsei fic m the b'ltteiy 

The diKh'iige thcieforc becomes ste'idy when 

♦(V) (10) 


Now sincf V has *1 range of values solely between the 
upper and lower critical voltages \ e and (the lower 
cntual \oliuge f i the ixistinj^ ondiiiins of expeiiment) 
the least \aluo it U tor which flashes can be maintained, 
consistent with the voltige limitations is gx\en by 


H. 


E- Vi 

~wrv) 


(U) 


and this is a linear relation of E the charging voltage 
In the <ase wheic the volt iinpeie chai icteristic is 
linear and additional resistancos r, and r are introduced 
into the Circuit as sliown in lig (1) the writers, m a 
previou p ipci show cd that ^ 


R. 


If 


R. 


r-(*r,(T»- V,) + 

*(W V.) 

O this becom a 

L- V* 


*(V*- V.) 
and wiih r« > 0 we have, 
„ F- V> 


( 12 ) 
( 12 ») 
( 12 » 


The above relations are obtained on the assumptiioii of a 
change from the flashing to the steady state, and are 
valid solely under these cKinditions so that in obtaming 
the cntiocd resistance B must be adjusted from larger 
to smaller values commencing initially with values well 
above the cntieal one 

Furthermore the oonduotance k of the discharge tube le 
not a constant for all ranges of capacity and condenser 
oiromt resistances^ and this is a point of some importance 
which must be considered later 



10 


Th£ LxFESIM&NIAL B>1ATI0N8 fob thb CminCAL 
Besistancbs 

In the pieliniinary experiments on the neon lamp it 
was ascei tamed that with no resistance in the condenser 
cucuit (r^ and n resistances) the obtained values for the 
critical resist in(es were low, and consequently the currents 
through the tube weie laige Under these circumstances 
the tube conditions iie not very stable, due to the heatmg 
efiFects and the heavy rharges thrown through the lamp 
during the luminous period and the obtained values of 
Bf are neither definite nor repeatable It was for thu 
reason that the and resistances were included in the 
circuit, tor they deci eased considerably the quantity thrown 
through the tube duimg dischaige, and I the conductance, 
as will be shown later, is much less than under noimal 
circumstances when no oundcnser circuit resistances are 
employed 

The critical resistance point is very distinct in the 
neighbourhood of the cntical resistance the time of flash 
increases very rapidly with deciease of B so that the T, B 
curve rises almost vertically to an infinite value of T, 
which corresponds to a steady discharge ^ 

As was shown in the above paper the relationship 
between the charging voltage E and the cntioal resistance 
function, for different values of r, in the two positions all 
pioved lo be Iineai functions which inteicept the axis of 
vollage at a common point the oidinate of which has the 
lower critical voltage value for the tube In all the neon 
tubes experimented with it was found by actual measure- 
mmit that the voltage across the tube at the critical 
TMutanoe falls to the lower cmtical value 

The general form of the graphs was, 

E — Vfc 

— U — a* const D (18a) 

for the case where a 0, and 

^-D (IW 

for the case where fi ■■ 0 
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The constant D is, of course, the slope of the E, R« 
graphs, and is somewhat less in magnitude than the current 
at the critical resistance 

** It would appear that so far as the critical resistance 
IB concerned, r functions solely in legulating the efiective 
conductance of the lamp In the papei quoted, the 
empinoal forms of the relations between U and r were put 
forward, and a tentative suggebtion as to the physical 
significance ui these lelitions was \eutuied Ihe follow&g 
however, appeiis to be tht collect way oi legarding the 
eftect of the r lesislances 

Yabiatxoks or D, thb slope of the h, Gbaphs witk r 

During the luminous period we have in essence, the 
capacity C acting as a source of voltage driving the 
discharge tube thiough a resistance r It is thus a case 
tot consideiiug (ne^ tuithii p 17 of this ^ d ) the vult- 
amp^re c baiac tensile for the tube 

(1) With 1 oi value zcio lud a lineai volt ampere 
charactenbtic it is evident that, 

» ib(V - Va) - D 

where ^ is the maximum conductivity of the tube, that is 
to say the whole aiea of the kathode is utilised in 
discharge 

(2) With small values of r, the effect on the conduct- 
ance of the tube will be inappreciable and D will be almost 
constant and of its maximum valne 

(3) Ah r incieTHes it will regulntt the magnitude of the 
current through the tube duiing the luminous period 
Provided that r is sufficiently large the conditions will be 
those corresponding the vertical portion of the volt* 
ampeie characteristic (see p 17) immediately after the 
duohazge at the beginning of the luminous period has 
oommenoed the voltage across the tube will fall to the 
lower ontioal value to allow of the maximum ouzrent being 
earned by the tuhp, and as shown in the paper on the volt- 
ampbre charactensties rofeired to, a portion only of die 
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kathode will be utilised m carrying the diecharge As the 
value of r ib nu leased the men of eleitiode etnplayed in 
flashing will progressively diminish, as indeed la found 
to be the < ase in practn^e ^ 

(4) As the value of r is increased a point will be 
aijived at ahere the critic al lenstanre condition given by 
equation (11) holds and the discbaige will change discon* 
tmuously from the flashing to the steady state Ihis point 
IS \eiy definite in actual expeiiments 

(*y) Finally as r is fuifhei increased a stage nmy be 
attained in which the total resistance in the circuit is 
greater than the (iitu il lesistance toi the tube using the 
residual capacity of the circuit as its shunted capacity, 
and a high note (as obseived by a telephone included m 
the circuit) will be produced This latter observation is 
oonhrmed in practice, for when r is lun up, a very high 
note is usually observable 

Thf Ceiticai Rfsistawcps for Air Di&tnARGB Tuubs 

In the case of air discharge tubes it was possible to 
design tubes suitable for the examination of oiitical 
resistances without including the usual r resistances 

The most suitable form had parallel wire electrodes of 
platinum oi molybdenum, some few mms apart These 
gave fairly consistent results 

For all the capacities used, the critical resistance func« 
tion was found to be linear m accordance with the relation 
of equation (11), for all the piessures employed Vj the 
voltage intercept was, however, usually different from the 
normal value for the particular tubes used In the 

actual experiments with a capacity of 1 microfarad and 
pressures above 2 mms (approximately) VJ was greater 
than y», for pressures of approximately 1 and 2 mms Yi 
was approximately equal to Y», and for lower pressures 
Yi was usually somewhat less in value than Y^ (These 
relations are considered more fully in another paper } 
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The Vabiation oi the CutncAT Besistahobs with 
Cafacity 

Ab the value of the capanty aciobs the tube terminals 
was decreased, fium high values (say 2 microfarads or so) 
the critical resistance was found in the case of the tubes 
used to decrease slowly uith decrease of C down to 
about 0004 nuciolarads Irom this point downwards, 
however the iiitiKHl resistance began to inciease rapidly as 
G was duniuislud ihis is ippaiently due to the very 
small eneig} tiansterenre { issible duiing the luminous 
period, whic h. lual es the effec tive resistance of the tube 
high and conespondiugly incieases the value of the critical 
resistance 

In the case of very small rapacities of the order ^f 10~* 
mioiofarads for the air dischaige tubes the critical 
resistance functions all proved to be linear within the 
limits of ezpeiimental eiror but the voltage intercepte 
were all greater than 

Experimental results are thus in general accord with 
those predicted from the theory 

Certain results for the air discharge tubes would 
appear to indic ate that the erratical results obtained for the 
voltage intercepts even at the same pressure may he 
intimatelv connected with the appearance and disappear 
uioe of an anode glow 

The authors wish to ai knowledge here their indebted 
ness to Prof Q W Todd under whose supervision the 
work was carried out 


RPFBRFNGB8 
(1 ) Jtmn Inttrt Vol 1 No 6 p 174 

(ft.) 8w Proe Ph/t 8m Load Vol M Pt 4 SW DiMoarfoa 
(Mr A Ttmnt) 

(A) Pne Phft Boe Lowd Ved S4 Pt 4 p «» 
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ON iHl VOTl AMPHIF ( HARACliRISTICS OF 
LOW TENblON DISCH\RGr lUUJS IN WHICH 
IH> ITI^CIRODFS ARL NFAR lOGHHER 

Ur r AMES TAYLOR B bo 
Tytbs or Discninor 

Low tension discharge tubes piesent man'v and inteieat 
mg problems One oi the chief of these prol lems is the 
form of the volt ampere charactenstics 

In the enily h ik rn lisrhaige tubes the distanre apart 
of the electrodes uas usually great (10 ems or more) and 
the positive column with its concomitant phenomena were 
present Ihe eftect of the nr cumulation of charge on the 
walls of the tulie was considerable and could not be 
allowed for so that the lesults weie on the whole neithei 
leliable nor lepeatable 

It is necessary at the outset to distinguish between two 
very distinct and different t^pes of glow discharge 

(1) In which the positive column and its concomitant 
phenomena are present 

(2) Discharges as obtained in tubes m which the 
electrodes are only some few mms apart and the positive 
oolumzL 18 absent Under these conditions there is the usual 
Clocks Dark Space Negative GUow, and laraday Dark 
Space Under certain conditions there is m addition an 
Anode Glow 

It 18 with the discharge of type (2) that we are con- 
cerned m this paper 

The DxsAaiLmss of Dischabqb Tubs Work 

Discharge tube work has, from its mitiation sulfeted 
from grave disabilities In tbe early work, the discharge 
was either m actual contact with, or m close proximity to 
the glass sides of the containing vessel accumulation of 
space charge on the sides took place and vexy erratio 
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reBults were frequently obtained due to this Furthermore, 
the nature of the electrodes suffered progiessive changes 
with time and treatment This rt suited in very senout 
alteiations in the value of the kathode tall of potential and 
the conductance of the tube Finally a * clean up ’ of 
the filling gas resulted in giave pressuie changes which 
were productive of inconsistent lesults 

The first dis'ibihty may in the mnn be overcome by 
utilisation of containing vessels sufficiently large to ensure 
that the electrodes are for removed fiuni the sides and by 
h'lving the el riiode^ dose to^ethei lleasonable stability 
of the eleotiodes can be obtained by making them of 
refactoiy metals like platinum oi molybdenum and 
" ovei running the tube foi long penod of time revers- 

ing the terminals from time to time and finally * over- 
running in one direction The kathode is quite bnght 
after this tieatmint and the anode is coveied with a thin, 
uniform metal like film When the latter deposit is 
produced and the discharge spieids itbelf uniformly over 
the electrodes it is judged that the elec ti odes of the tube 
have become sufficientlv st ible Nevertheltss piogressive 
alterations m the constants of the disch'irge tube occur 
The last disability is o\eicom( by having the tube in 
connection with a large billasting vessel uhirh averages 
up any pressure changes over the iirae of experiment 

Thb CHAUACrraibncs or DiscnAEOK Tubes when ko 

R>SIST4NrF IS IN THB ClHCUlT 

Hie author showed in a previous paper that, With 
ocfTtain assumplions it was possible to derive theoretically 
a Tolt-ampeie characteristic of the linear form ^ 

/ = VJ (1) 

where % is the current through the tube (usually measured 
in mioroamps), V is the voltage across the tube terminals, 
V« IS the kathode fall of potential approximately, and k 
IB the ** conductance of the discharge tube 

The above relation agrees substantially with those 
darned practically fof the neon ^mp over a pmtion of the 
eharaotemtio * 
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In the case of air discharge tubes experiments by the 
writer on the ionn of the characteristics were not very 
satisfactory The method used in the experiments, 
although by no means free from objections and difficulties, 
yielded ovei a r'lnge of pressures (to i f in approximation) 
a general linear form, 

( 2 ) 

M, which is of course the voltage intercept and should 
be of the value \ a ^os almost constant in certain discharge 
tubes for difterent piessures and \ias ot the coirect oidei 
of magnitude It is almost certain however that in the 
cose of parallel wire discharge tubes that the form of the 
characteristics will depart from linearity 

The theoretical consxdeiations which follow, do not 
depend upon the lineaiity of the volt anipcio chaiactenstic 
which may be assumed to be of the perfectly general form, 

(3) 

where t is the current through the tube and ^(V) is a 
general function of the voltage acioss the discharge tube 
electrodes 


ThF Ph£NOM£NA of Fiashikg 


I he phenomena of flashing have been considered 
in the previous paper (page 2) and need not be entered 
into again, here It was furthermore shown that there 
was a critical value for the resistance in series with the 
tube, below which no ** flashes could be obtained, given 


E.= 


E_- 

W) 

where E is the chargring voltage and 
critical voltage for the tube 




( 4 ) 

M the lower 


Thb VoLT-AMThsE Chaiuoteiiistics ron Titr Disihabob 

Tub>8 

The volt-ampere oharacteristicn have been examined by 
the writer in the cose of the neon lamp’ and later in the 
case* of air discharge tubes of various design, and at difier> 
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ent piessuies 1 M) fhe tiencl of these 

charaitenstif^ which ire obt-iined by connecting* the tube 
to a soul e (f thr ugh a high lesistame and 

piogiessively iliminishiTig thm at the 'I'lxne time taking the 
corresponding leidinpfs foi the cuirent thiough the tube 
and the volt ige in sr its terminals (by means of a micro- 
ammetei and deritostatio voltnietei respectively) 



V VOUTAQB ACROSS TUBS TERMINALS 


The ohsrseteristio it of Bn lUnstrstiTB utare %nd u not to sonle the 
ordmetst of the D to G portion being rery mnoh magnifled to show dearly 
the vsnone portiooB 

Pio 1 

The AnAITSIS Ot the CitAEACTBRISTTC 

Ihe chararteristjc us nu> be seen from the figure, 
compiises several very distinct portions 

(1) When the lesistance in senes ^ith the tube is high 
(usually of the ordei* of tens o| megohms) the portion of 
the oharaotenstio in the neighbourhood of Q is obtained, 

a 
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and we are here getting simply the Townshend current 
thiough a gas ^ 

(2) \8 the resistance ib decreased the current becomes 
mteimittent in natuic and a grating irregular noise is 
obtained in the telephones placed m senes with the tube 

When further reduction of the soiics resistance is made 
the rhai ictenstu liecomes almost vertical over a tange of 
currents (L to I ipproximitely) that is to say the voltage 
IS constant o\er a range of tht chaiactonstic 

(3) As the resistance is further diminished a regular 
note (in the telephones) a huh moreases in pitch with 
diminution of the resistance is obtained The voltage 
across the tube (that is the aviiigi voltage as measured 
by the electiosiitu voltmeter) deiieises uniformly as the 
current increases In the neighbourhood of the point I), 
howevei the voltage again becomes appioximutely station- 
ary with increase of the current at D the note in the 
telephones falls somewhat and the current changes dis 
continuously from the periodic to the continuous state 
An abrupt fall of the potential across the tube electrodes 
(m some cases of up to 20 volts) and an increase in the 
current through the tube occur at this point Further at 
this point the area of the kathode illuminated during 
discharge becomes abruptly less but the intrinsic luminosity 
of the negative glow inoreasee 

(4) With further reduction of the circuit resistanod, 
the voltage across the tube remains constant whilst the 
current increases As the current increases a correspond 
mg increase of the area of the kathode illuminated by 
negative glow takes pHce until finally the whole area of 
the electrode is employed in discharge in the neighbour- 
hood of the pomt B 

(6) With further deciease of the resistance m the 
ommit, the obaractenstio departs from the Imear form, 
the voltage across the tube terminals rising rapidly as the 
outreni mcreases 
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Theorstic^l Discussion of the VoLiyAHpiBBB 
Char kctzristics . 

(1) When the reHistance included in aeries with the 
tube i» very hifi:h (givinfir the portion of the oharacteriatio 
in the neighbourhood of G) the current obtained ia anaply 
the Townshend current through a gas, and the discharge 
is ** dark.*' 

(2) From D onwards to the right to F, the discharge 
is periodic in character and an intermittenoy of the current 
is thus produced. The current measured is thus the 
aTerage current over the whole period, and the voltage is 
the average voltage. 

The wiiter interprets this periodicity as being, purely 
and simply, a limiting cabo of the ordinary flashing 
phenomenon of the tube (see p. 2 of the present vol.), 
the re<tidaal capacity of the circuit and leads, and the 
electrostatic voltmeter which is across the tubo terminals, 
acting as the condenser for charging and discharging 
The curient is thus given by. 


(6) . t w where » ia the instantaneous value 

of the current through the tube at the time and T ia the 
total time period of flashing * 


The voltage is similarly given by, 


( 6 ) 


V 


/p . dL 


where v is the instantaneous 


value of the voltage across the tube at the time /. 

On the pari of the characteristic to the right of F, the 
time of the ** dark period becomes long in lomparisoa 
with the ** luminous period and as a consequence 
the upper oritictil voUtige, vain's ermiicnlly m value, due 
to lag " effects, etc. The resultant note is therefore of 
a grating and erratical nature. 

It will further be seen Imm the tollowing discussion, 
that the average voltage across the tube, when the dark 
period is long compared with the luminous period, will be 
constant over a range, of currents. This appears to be the 
explanation of the point of inflection in the volt-amphrs 
charaoteristio at B.. 
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The Avekage Voltage across the Discharge Tube 
Et^ctrobes. 

We shall asBUiuo in tho following discussion that the 
volt-Biii]>ete rhaiuoteriRtio is linear l>etween the upper and 
lower cntieul voltages, and that the net effect oi tho circuit 
capacity and electrostatic voltmeter is that of a capacity 
C, shunted unoss the tube electrodes. 

The geneial tonn of the limiting cases which me to be 
considered would not bo affected to any great extent by a 
depart uit' of the characteristic from the linear form, hut it 
IS not of couI^e possible to derive the average voltage across 
the tulie elei'trodes diiectly, in the case of a perfectly 
general characteristic. 

(A) (^)nhideling the “ dark period or the period 
during which the (apacit^ across the tube electrodes is 
charging up, we have, 

E — V 

//§'= n — ,#//. Where dq. is the quantity 

of electricity which flows into the capacity via the circuit 
resistance R in the time dt , seconds. 

Or we may write this, 

E — V 

-dz (a) 

where C is the value of the capacity across the tube. 


Integrating equation (a) we obtain, 

V*iE(l (b) 

Now the total time-voltage integral over the ** dark ’’ 
period is, 


/•V-Vc y^V-V* 

= J - r y dt. 


and introducing the value of V from equation (5) 
obtain, 

Integral time-voltage 


»E 


< + CRe-£» 

v-o 


/ + CR«'a 


v-o 


we 


(c) 
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Now we have the following relations holding, 

V — 0, when ^ — O, 

V Vfc „ 

and V — Va „ / — 

Introducing these vuluos into equutmu (c) the time- 
vollago integral becomes, 




(d) 


£ 


Now obviously Irom (a) we have, = t' . H . loga jg _ y 


K 


similarly /^ *= (\ R . log^ E - V ’ which we have that. 


^ (V - Vi.) 

^ OK - CR= - L-C ^ 


and the eiiuation (d) for (he tune-voltage integral l>ecomeB 
if we inti oduce this value into it, 


Time- voltage integral E C R-CV^ — V*, } . (e) 

vrhere it (the time for charging ) — • 

E — V* 

In addition ^^e have from equation (a), /, =: C H log^ g- ^ • 


(B) l3onsj(lciing the discharge or luminous period we 
have = - V,).rf/ - 

where (hj is the nett loss of ehuige hy the condenser, in 
the time <lt seconds, k is the conductance of the discharge 
tube and the kathode fall of potential approximately. 

Now ^ dq , — - C , rfV • so that the above equation may be 
written in the form, 

-C.rfV -iKV - V«).rfl. - .rf/ , (D 


and integrating this equation we obtain. 


l + JfcU 


.1. 


(g) 


y ^ D + (V*~ - T)),^* - ® 

_i (E + ^RVn) 

wk.reD_ (, • 

Now the time-voltage integral over the luminous period is, 
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,v-v, 


„ Y .tU. which, on introduction of the value of V from 

V - 

equation (g) becomes^ 


where is the <i 


1+*B 

D/ + ( V, - D ) fl ” 


\ 1 4* ^R/ 1 t^Q 

luratiou oi ihe luminous period. 

Now wo have irom equation (/) that fa = 

CR . V, - D 

1 f *R • vr^- 

Introducing this into the equation and simplifying we 
have, 

Total time-voltage integral over the luminous period 

V,] . . . . (h) 

The total time-voltage integral over the whole period is 
given by the bum of equations (e) and (h). 

= - CR (V. - V*) + D/. + £ [V. - V,1 

and the average voltage over the whole period which is 
evidently given by 

Total time-voltage integrol 
Total time period 

E . - CB(V, - y,l + D . /. + [V, - VJ 

" ^r+i.) • ^ 

Now when t,, the “ dark *' period becomes large in com- 
parison uith the luminous period, we have approxi- 
mately (the voltage across the electrodes of the discharge 
tube is V). 

r (*ii) 1 

E^Lr+JRj- 


V = B-- 


1 ^ ^ o 

lofir. fnr; 

and since ifcR is, under these conditions large in oomparison 
with unity we may write approximately, 

V Ti- 

V a= E - E-V» 


m 
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it i» theretore evident from this equation, when the 
“ dark period is louj? compared with the luminous 
period, that the voltage across the tube electrodes, os 
measured by un electrostatic voltmeter, will be approxi- 
mately constant ovei a range of values of the oircoit 
resistance. 

We may point out here that the increase of the 
upper iTitioal voltage, when the “ dark period becomes 
veiy long will modify the range of the voltage constancy 
and will give nse to a grating note in the telephones 
(referred to above). 

(3) Tn the portion of the churactenatic from E to D 
equation (7) should hold for the voltage across the tube. 

If we write for the total time period T = i,+taf the 
above relation may be moditiGd into the form, 

V L. CR(V,*V|,) . 

+ . (approximately) 

where A - K D. 

Now it is shouu on p. 3 that T- Cli Const., so that we 
have, 

V E - + (V. - Vt) . Const .... (9) 

The time period T decreases rapidly as R is decreased, 
but the lunuuoua period ta does not vary very much until 
the critical resistance is approached. It is therefore 
evident that the voltage V will decrease steadily with 
diminution of K, since the second term in equation (9) 
increases as B decreases, and the portion of the character- 
istic from E to J) will be traversed. 

When the \alue of the circuit resistance approaches to 
that of the critical icMHlance the luininoub period becomes 
largo compared A\ith the “dark ’* period, and we have 
approximately that tg. E(|ualion (9) may under theso 
conditions lie written in the form. 

T K - 1) + (V, - V,) Const. . . (10). 

or if kR is large compared with unity, D will be approxi-^ 
mately equal in value to V« and equation (10) becomes 

V = E " Vg -r tVe - Vt) Const . . . (10)^ 

and we see that the% voltage aenfss the tube in the neigh- 
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bouihood of tlio rrltical resistance will bo of a constant 
value over a rau^o of it*sistances (consistent with the 
asKuiuptions involved in the above theory), as is seen 
experimeiitull^\ tioiu the iharacteristii* curve itself. 

As the resistance is decreased, a point is arrived at 
irhere the lelation of equation (4) holds, no tiiither flashing 
cun be muintuined in the ciiruit, and the cm rent (^hauges 
abruptly iioin the periodic to the contimions state. This 
point is of course D of the cliuiucturistic. Now since the 
discharge at D is periodic, the voltage V^, indicated by 
the electrostatic \oIt meter, is an average hetiveen the upper 
and lower iritic*al voltages, that is some definite value 
between (the Ion er critical voltage under the conditions 
of experiment), and (the upper ciitieal voltage under 
the conditions of experiment). 

Thus. V,> V.> V,. 

The current at the (critical point (current* O is 
siunlail> the ;v\eiuge current over the ^^hole of the period 
of charge and dischaige. Now the maximum current in 
chaiging is given by, 



and the minimum cunent by 



coiiscHiuently we have, 





E-JV, 

R 


When the dischaige has become steady, the tube will 
naturally adjust itself to carry the maximum current 
possible under the conditions, that is, the voltage across 
the tube tenmnnls wull liecomc as small us possible (the 
lower critical voltage V^.) for the maximum current is 


E- V6 


It is evident therefore that the voltage 


across the tulie, just before the discharge becomes steady^ 
is greater than the voltage across the tube, for steady 
conditions. Coubeciuentl^ the voltage will fall abruptly to 
the low'er critical value at the point D, from some 
definitely larger value. 

The intermediate portion of the characteristic from D 
to C will be realixable fortuitously only, in practice. 



At D tlie tube is flislnn^ inti tho the 

kathode ib ulili/id in llu Iniuiuous penod, iht discharge 
does not ippe-ir 1o lie veis luminous henuse the energy 
tiansicicuce |>ei unit ut i t I iithodt is sni ill As soon 
IS the disthaij^t hettiius stiuds tht m iximuin (uireut 


that the tube can t n»y is is shown ibove 
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then will 1)6 ]nsl snttuunt i thi i itlu dt nei Liiplo\ed 
m djs(.htti,^e (thu is to si\ toveitd with mg'itivo glow) to 
carry this ma\inunn < uiunt \t the ( iitu il point D there 
will thus be in liuupt (U<misi in the trot ot lathode 
illuminated l»y thi iiCp,iti\( ^low 1 u( tlie mtiiubic 
Uiminositv mil hi ^uitu hii lUse ot Iht me it istd tiioigy 
tiansteitiuc |iei unit an i 


(4) Witli f 111 till 1 It dll (] u 
intieiseof the nn\iniuni tuinnt 


t R 
J V 
R 


ind I oiisuiuent 
the vre i of the 


kathode suifui unpl \id in lis hiip^i will uuiiise to 
meet lilt deni inds jf tiu t\ttii il i ii uil lud (lit pottutial 
moss thi tube will uuiuii il tl liwn iiitn il potential 
value Iht poition it t* t volt imptie ( h ii u teustit ot 
tilt disc liaise tuhi tl nil ( to 11 is Huittoie din u(eit/ed 
hv the eqiution 


L - Vo 
TT" 


(H) 


(5) the thaiulenstH is pu illtl lo the axis of tin rent 
until tlu point 11 IS leiehid when (ht tull kithodu axea 
IS uitli/td in disthai^t It k is the maxiuium couduetaiui 
of the tube we will now luxe it i is thi turreut through 
the tube, 

t ^ i(V Vff) w heie \ is the v oltage icross the tube, nnd 

also, 1= Solving this simultaneous equation we 

obtain an expression for the cuirent lu teinis of known 

quantities 

E- V. 
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This relation is of exactly similar form to tlie empirical 
equation ^ven by J . W . B y de in the case of the 
** osglim ** lamp for the part of the rharaoteristio just 
beyond B. 

The volt-ampere characteristic in the neighbourhood of 
the point B of full kathmlic area employed, may be 
distorted from that given by the above consideration of a 
perfect rase, for the distance between the electrodes 
usually varies from part to part (especially in the case of 
the osglini '' lamps which have laige kathodes and small 
anodes) and the tube may act as a moie or less composite 
tube having several lower critical voltages. Furthermore, 
the heating effects when the current is as great as it is 
under these circumstances tend to make the resulls 
unreliable. 

Cbktaik Exfkbiukntal Eksults and Difficulties. 

As was stated previously the writer determined the 
chamcteristicH in Uie case of the “ osghni ’’ lamp, and 
later in the case ot air discharge tulies of various design, 
and at different pressures of the contaihed air. The 
characteristic of Fig. 1 is the general Result, but it 
has not In^n possible so far to determine the portion of 
the characteristic to the right of C with sufficient 
accuracy and repeatability to compare the theoretical with 
the experimental results. Some of the difficulties inherent 
in the comparison have been pointed out already, the chief 
one nevertheless has been the voltage supply. Up to the 
present it has not been possible to obtain a suitably high 
voltage free from erratic fluctuations; these of course, 
inhibite any accurate comparison. In one or two cases 
where it was possible to make a comparison of the values of 
the potential for the constant voltage interval E to F, as 
obtained theoretically and experimentally, the agreement 
was fairly good. The author however, hopes, in the near 
future, to have at his disposal a source of voltage sufficiently 
constant to enable a fuH comparison of experimental and 
theoretical results to be made. 

FurthermoTe, in certain recent experiments on the 
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region of the characteriRtio from C to B, the object of 
which were to show that the volt-ampere chaiacteristioe are 
paiallel to the axis of curient ovei a consideiahle lange {as 
IS described above), a tube of luige kathode area consiat- 
ing of an * osghm ” lamp of the beehive variety (the 
lamp comprises an anode in the form of an iron disc, and 
a kathode of spiral iorm, m thick iron wire, wound above 
it), sealed on to an appiratus so that an at difterent 
pressuies could be mtrodurid, was employed In experi- 
menting with this tube a vtiy cunous effect was observable 
in the region C to B of the charac tenstir The following 
descnption is quoted from a letter to Nature 

‘ It uus obseivahle at (titain piesnuies that, uhen the 
dist barge uas continuous, but failed to ( ovei completely the 
kathode, the dihchaige shifted fiuiii one part to the other 
of the kathode siirf*i<e often undeigoing a legular cycle 
At other times the motion was along the wire of the spiral, 
slowly backwards and foiuaids thiough a rotation of up to 
120^, and even moie The rotation continued ovei long 
periods of time in a mo^t inteiestmg manner 

^^The phenomenon is appirently an electrode 

* fatigue ' effect When one puihon of the suiface has 
been serving as kathode foi some time, it becomes 

* fatigued,’ and the value of the kathode fall of potential 
rises, it then becomes easiei for the discharge to pass over 
at an adjacent portion of the kathode, and consequently 
the discharge rotates slowly 

“ That the rotation is locompanied by a ooi responding 
fluctuation of the voltage diop ncioss the tube is evident 
from the fact that the reading of the voltmeter, across the 
tube, rises and falls at a •similar rate (theie is of course a 
lag), and to a lesser digiee vaiiation of the current u 
observable ” 

To obtain readings for the characteristics of the tubes, 
the current and voltage ore read each time, when the 
discharge is passmg between the same portions of the 
electrodes (or m the same vicinity since the kathode area 
employed m discharge is increasing) 

The range of the pojrtion of the characienstic from 0 to 
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B was founds m certain cases, to be as great as 30 
millianipcros. 

The INTEHMIlTh^CV Ol* Cuttnt.VTfc* IN BiSriTARGE TtJBES- 
Inteimittency of ruiienis in discharge tubes has been 
obseived by expel iiiieiitei s, but so fur, «s fai an the 

author is aware, the lesults have not Iwen linked up with 
the oidiiiniy flashiii^ pheiioineiia ot dischaiKc tubes 

As t.n back as 18118 Capstick ( Proc. Itoy Soc , IjXIII, 
p, 35(1), whilst uieusunng the kathode falls of potential 
for compound ^ases, uoliced that in the case ol these gases 
it A\aM extieniely difficult to obtain a toutinuous discharge, 
and intemiittein was obseived by the singing of a 
telephone unladed in (he ciicuit 

Furlbei, E lleiche (Ann der Phys. 4 E.lh, 52, 1917, 
p 109) obseived mteinnlteney lu the ease ot nir di’.eharge 
tuhe-s, vv lion the < irenit ip'^istaiiee wa'< siiffieienily high 
Aston anil Watson in their measurements of the kathode 
falls of |>otentinl m the laie gases (j’loi* Boy. Soc. A., 

1012, so, p 170 and I'km* ('am. JMiil. Koi Vol, XVTI., 

1013, p, 00) ohseived that — 

“ Wlien the current w’as passing through the gas, the 
voltmetei being diseonnetdod, the piessure was reduced 
until the daik space just reached the anode. If then the 
press me was veiy slightly further i educed oi the current 
made lowei h> inci easing the e^tenml lesistance the curi'ent 
ceased to pass continuously, and passed in flashes By 
cat el 111 adiustment the^'O could be made to succeed each 
other With gient lapidity, or at legular intervals as far 
apait as a (fuarter of a minute/’ 

Watson also noticeil an abnormal form of the rare gas 
dischurgt* in which the glow is over the surface of the 
anode The ])resent writer has noticed a similar form of 
discharge in the “ nsgllm ” lamps, for the portion of the 
characteristic near F. The intermittency on this portion 
of the curve is characterized by the very minute urea of 
electiude utilised in the discharge, this of course increases 
as the churacteiistic is traversed to the left, until fre- 
quently the whole kathode area is utilised before the 
critical resistance point is reached. 
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Appleton and West {Phd. Vol XLV., 1923, 

p, 879) have observed soiuo veiy inteiestijig oH(*illationn in 
the striated ^luw disrluii^e. The> eonsider that these 
oscillations aie puiel} ionic in nutuie and origin and 
independunt ot the (ouditions ot the external ciri’Uit. As 
these oscillalious (kmii in the sUia, however, tlioy are 
scarcely within the scope of the present work 

The author wishes to acknowledge his indebtedness to 
Prof. (1 W. Todd, under whose supervision the expori- 
ments were earried out, and to (he Department of 
Scientific and fndustrinl Research. 
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SOME ArPLlCATlONS OF OSCILLATOBT CIEOTJITS 
TO THE MEASUREMENT OF SPECIFIC INDUC- 
TIVE CAPACITY. 

Bt LKONARD a. SAYCE, M.Sa, A.I.C. 


INTUODT7CTION. 


For pui poses that need not be described here the author 
recently desired to make precise measurements oi the 
dielectric constants ol ceitain non-conducting liquids. The 
various bridge and ballistic galvauometei methods for the 
measurement of capac liy did not promise sufficient accuracy 
for the purpose, but it seemed likely that the triode valve 
would provide a solution to the problem. By its means 
considerable accuracy had already been attained in the 
measurement of the dielectric constants of air and other 
gases by Oill,^ Wag^taff^ and others, but their methods 
were inapplicable to the mea<«urement of large variations 
of capacity and theiefore could not he utilised in the 
determination of dielectric constants much greater than 
unity. The methods to be described were, therefore, 
developed for this purpose. In each of them, a condenser, 
here called the ** dielectric container ” is filled with the 
dielectric under examination and its capacity compared 
with that which it han when exhausted or filled with air. 
The necessary measurements of capacity depend upon the 
properties of a valve-maintained oscillatory circuit: In 
such a circuit, Fig. 1, containing capacity C and 
inductance L, the natural frequency, n, is given by the 

formula: n where h is a constant, thus if the 


inductance remain constant ; n oc . 


It is 'evident that 


« AeuKeAi«.,8»lMesi60,8spt Ml. * /»Aa. Jfef. . 47, pefs M, Jni. ltM» 
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changes m frequency arise from, and are a measure of, 
any ohange in the capacity C Further, if, by means of 
a tnode valve, an oscillatory circuit be made to oscillate 
at a liequencv n and i second similar cinuit be set up 
neqr to it having a tioquency n then each circuit will 
induce cuiient^ ot ils 0^11 fiequency in the other The 
currents in each circuit will combine with, or ** hetero* 
dyne * each other to pioduce beats of a frequency equal 
to the difference l>eiween n uid n lud these beats may 
be heaid in telephones included m either circuit 
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M&thod 1 

In the method first employed two oscillating mreuits 
A and B (Fig 2) aie arranged so that they are in 
approximate resonance A lalibrated variable condenser, 
Cl, IS then varied slowly until the *' beat-note " fint 
(observed has been reduced to leio frequency the two 
mrohlts are then in exact resonOnce The dieleetno eon* 
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tainer, iilled with air, la theu connected in parallel with 
Cx and the latter reduced in value until the circuits are 
once nioie in lesoniiuce. The reduction in the value of 
(jx thus meut»uies the capacity ot the dielectric container 

(Ca)* The cuntuincr is then filled with the liquid under 
examination and its capacity COj,) re-determined in the 

C • * • 

same manner. The ratio oi is the required di- 

a 

electric constant (to a standard = 1) at the frequency 
employed.* 

Thu uheiuluebs of thih method was found to be limited 
by two impoitaut diificulties. The first ib that of securing 
a variable condenser which could be set, read and cali- 
brated with hufficicnt accuracy. None of the usual types 
of I'ondenser lulfiK these conditions bufficiently for the 
present purpose. A c ondeiiser, the capacity of which could 
Ih? calculated from its dimensions, was considered but was 
open to objection. 

The second difficulty in applying the method arose from 
the tendency of two liigh frequency circuits to force each 
other into resonance. This made it impossible to obtain 
slow beats between them and c^onsequently the point of 
resonani'e was not shai*ply defined. 

The second method was therefore proposed to eliminate 
these two sources of error by substituting the measurement 
of frequency for the measurement of capacity. 

Mkthod 2. 

The principle of this method is shown in Fig. 3. 

A is a circuit oscillating at a frequency n of the order 
of 10* •• per second. 

B is a similar circuit oscillating at a frequency nx, 
approximately equal to n, with constant inductance L and 
constant capacity C^. 

C is a circuit calibrated to oscillate at a known audible 
frequency determined hy the setting of its condenser Cg. 

* It wu rabtequently uoertainod thst s slinilar msthod bad baan workad 
out by W h tdd f n g to ft (ChmMdg% PkiL goo. Proc, SO, pagaitd, Not.« 1981). 
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When C IS the onl> in B a beat note n,— n 

18 obtained 'ind itw fuquency is measured by the audio- 
frequency metei C li now the dieleotiic container be 
connected m paiuIlLl with T a difteient beat note in heard 
and its frequency w t incnsiud b\ ( I astl\ the 
dielectrif containei slill in piuillel with t is filled with 
the dielectiir undti miesii^nlion and i thud beat note of 
frequency // is oht iiii 1 ind niea iiied A inathe- 
Tniitunl anaUsis )t the method sliowod that if 
A— n - Wo and X w — 

then the dielectric ( instant i ffiven b\ the expression 
. n - A)* 2w X X 

“ fw — X)* 2n A A 

The form of tht hist tw teinis sh<w% tbit if A and X 
weie Hr^o then consi leialdf tnorn would lit introduced 

unless 71 the hiKh frciiienc\ weic Inown fairl> 

nfcuiatelv Ihe wa\t inttei i\nlibk f>i measnrinpr this 
hiprh frcqneni \ had howt\ei ui eri ir in the order of 1 per 
cent Apaxt from this the metli d depends upon the 
precision of the audio fref|uenc > netcr C and the poBSi 
bilit\ of repioducinpr its conden«er settings 

It IS thus evident that the ineasureTnent of frequency 
changes is attended by probabilities of error even greater 
than those occurring in t^he measurenient of capacity 
changes 

Mi<THon 3 

In the third method therefore a return is made to the 
principles of method 1 but with two impoitant modificu 
tions — 

(1) The attainment of a given high trequency by B is 
obnerved not by its resonance with A hut by the produc- 
tion between A and B of beats of a definite frequency vif 
such as to produce slow countable beats with a third low 
frequency circuit 0 Thus the prcK edure is os follows — 
With r only in parallel mth the inductance of B A and 
B are adiusted so that their difference of frequency giyee 
a musical note fe -n) The musical note given by C is 
then adiQsted until its freciuencT is «o nearly equal to 
that slow heats are obtamed, easily countable with 

I 
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the aid of a atop-watch. Then, after connecting the air- 
filled dielectric container m parallel with the latter ie 
reduced until the bame slow beat-frequency is again 
obtained/ The reduction in Cx then measures the c^apacity 
of the diole<*tric container with air as the dielectric. The 
measurement is repealed with the given liquid as the 
dielectric in the coniuinor. As before, the second value 
divided by the first gives the dielectric constant of the 
liquid. Tho extreme delic^acy of the method is evident 
from the fact that a change of one per second in the 
frequency of the slow beats represents a change of only one 
in a million in the fre<£uency of the circuit B, if the 
frequencies of A and B are approximately 10* per 
second, t 

(2) A special \ ariable capacity of novel design has been 
constructed to fulfil the exacting requirements of this 
method. It compriftes six fixed-t‘Hpncity condensers and a 
small one of variable rapacity : it is analogous, if fact, to 
a set of weights and a rider. The small variable con- 
denser is so designed that its calibration curve is strictly 
rectilinear, and all tbe fixed-capacity condensers are 
calibrated in terms of scale divisions of the variable con- 
denser. Thus the unit of all ineasureinentg is the scale 
division of the variable condenser and, os a ratio and not an 
abiH>lute measurement is sought, the absolute value of this 
unit is unimportant. The method, even at its present 
stage of development, will measure unlcnown capacities 
with an error not exceeding one part in ten thousand, so 


that, for dielectric constants between unity and fije, the 
third decimal place can be defined with certainty. 

From the principle of the method it is evident that by 
using higher frequencies it is possible to obtain greater 
precision, and progress in this direction is probably limited 
only by the difficulty of maintaining absolute consistency 
in^^^ frequency of valve-maintained circuits. 


* TIm tsms bsat-note is oMslnsd wbsthsr tbs freonsnor of G bt oqiul to 
a. - Norton -n,. Tbe embigiiHy mmj be evoiaed if a, elaravt m kept 
jieateribMia. -r -i r 

tifmi 


K method dependent upon this prinoi{d«hM been emp 


>Sfe 614, Nov., IMO. 
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ON XRAY CRYSTAL ANALYSIS 
BtJ jr WOOD Mbo 

CiystallogiapheiA have long lecogniced that a crystal 
IS built up by the lepetitiou in space of a certain funda 
mental unit I his unit is a parallelupiped containing the 
substance of an integral number of chemical molecules 
IhiB view which has been amply supported by X ray 
investigations gives an obvious explanation of the funda- 
mental law of ciystallography the law ot rational 
indices 

Imagining the structure indefinitely extended m space, 
an infinite uumlier of points t in be found in it which are 
related to the whole structme in exactly the same way 
Ihese points tonn one of the fouiieen Bravais space 
lattices 

Regarding a crystal as a polyhedron it has certain 
symmetry elements rotation axes symmetry planes etc 
These symmetry elements aie definitely determined in the 
majority of cases by such tests as etched figures optical 
properties and so on Such tests as these have revealed 
the fact that ci^stals can be classified as belonging to 
•thirty two types eat h type possessing ( ertain symmetry 
" elements The exiBten<e of these thirty two classes can be 
deduced from the law of rational indices 

This external symmetry la only a partial expression of 
the actual internal structure which until the method of 
X ray analysis was employed la> beyond the ken of 
orvetallographers Although the method of X ray analysis 
has ;t8 limitations chiefly on account of the absence of a 
gmeral theory of X ray reflection the method when allied 
with the theory of space groups enables us to go much 
further than has hitherto been possible 

It has been shown, and by different methods by 
Federov, Schoenflies and Barlow that the structure of any 
eryrtal must be refeh^ to on^ of 230 types or spacte 
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prroupft Each space group is tharacterused by a senes ol 
operatious coTisiRlmg of reflectious, gliding reflections, 
rotations, sfrtws, lUAersions and tidnslations, unanged in 
a way depending on the spife group (See MatJientattoal 
Cry stall ographtjy Hilton ) 

Now, in umn\ < ases xt la found that although the 
observed spaf ing of certain planes of a ciystal is in agree- 
ment with the ^ xliie calculated from cr\stnllographic data 
there are some whose spacing is i submultiple of the 
calculated value These abnormal < ases can usuallv be 
explained as due to Ihe presence of screws or gliding 
reflections in the space group to which the crystal must 
be referred, ind so give the clue to the space group 

Tn the caso of oxalu acid (O O 4 ITJ 2H 0 ) for instance, 
which IS moncKlmu prismatic it is found that the spacings 
of most cTvstal plsnes h^^o the vilue lalculafed on the 
assumption that theic ire tno molecules in the unit cell 
The planes (h ol) whore A + 7 is odd as well as the (010) 
plane have spacings which are half the calculated value 
These abnormalities are such as would be expected if the 
space group to whwh oxalic acid is to be referred is 
(flee Phil Traps Senes A, Vol 224, pages 221-267, 
Astbnry and Tardley ) 

The number of asvmmetnc molecules required to 
produce the necessary symmetry, in this case, is four per 
cell Since, however, there are only two per cell, tho 
molecule of oxalic acid must have some symmetry of its 
own Theory shows that this must be centro-svmmetrv 

In the case of ammonium oxalate Ibe observed spacings 
are tn agreement with those calculated from crystallo- 
grapbic data on the assumption of two molecules in the 
unit cell The (160) and (010) are, however, abnormal, 
showing the half spacing Since ammonium oxalate is 
shombic bispbenoidal its space group must therefore be 
Q, (see Astburv and Tardley, PM Trfin$ , page 284) and 
the molecule must possess a diagonal axis This axis 
coiixcides with the crystallographic c axis 

X-ravs, then, in addition to determining the sine of 
the unit cell and hence the number of molecules it contains , 
oan, in favourable cases, also define the space group to 
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which the cryntal uiust Iw referred. In the present state 
of development of the nubject this is as tai us X-rays can 
curry ub with any certainty. 

In fixing the at tual structure the approximate coubtancy 
of atomic dianieterh, the pieseuce of (^leaTages, etc., are 
useful. In cahCb where the molecule poHsesses very high 
syniTuetry the number of btruciural possibilities is much 
reduced. But in the ubsetue of any method of detecting 
individuol atonib in the ciystal and of intciptcting com- 
pletely the intensities of I he various orders of reflection, 
the method of X-ray crystal analysis can do little more 
than determine space group, in the general case. 
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NOrE ON A SIMPLE INFINITE PRODUCT 


Bj J L Bu&ohhall, M a 


In one of his papers * Cantor discusses convergent infinite 


products of the type 


/ 1 \ 

^ ( 1 + ) where the o^’s are positive 

/*— 1 ' 


integeis sati^fyiag the conditions af> of. j He shows that^ 
given a teal positive number N, integers ai, can 

be successively determined such that P (l + M converges 

r— 1 \ OfJ 


to N and that for a rahoni! N the law of recurrence is, after 
some stage in the process, s al^i This latter result rests 
on the easily estibhshed fact that if n > i (whether integral 
or not) 


a 

a 1 


■*‘i) 


(1) 


Cantor also gives without discussing the general theoxj, 
the pioduct forms of certain quadratic surds, fg — 

./5 = (l+ i)(l+J)(l +igl)(l + 5Ig4l) 

la which after a certain stagre the law oi reourrenoe la 

In thi8 note I establish the general formnla for such 
a product and investigate the relation of the result to a 
certain rontinueil fiaction 


If rt > 1 and for every r > 1, b 2a; i — 1| then 

rh 1) to • (2) 

* Mloniloh’s JKnMeAri/ti vol xiv (1809) 6 m sIm Hobson, AncfiOM 
(/a Bm Istod , p 48 
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and by aucc( saive repetitions of the process 

If now a > I 1 learly ten Is 1 1 infinity with n and 
tends to unity Thus the required result is 


established 

Wiitinjf ff « ooi>h 20 i -= cosh iO 

rn + 1 "1 r cosh + 1 -1 ^ 
Lo— ij Lcoah2 6* ij 


On r osh 2* 


! coth 0^ 


coth e = (l + 2fl)(^ ■'"cosh 46») 


osh 2»flJ 


Ihe result (3) may also be deduced fioiu (1) for 
tOth ,ff_l 

»(l + r »)*{! +«“*){! + » "») by(l) 

(1+ *9)’ (l + r«tfy 1 -t-r 0 ) 

* 1 + e 1 + « ■» 1 +« *» 

cosh 2^) cosh 4tl) 

the diBCiiHMion as to points ot oonveigon<y being omitted 

The only restriction on i so fat imposed u that « ^ 1 
In what follows it is furthei restricted to positive integral 
values 

The fintU products formed by taking the first r 
terms of the product Provide a set of rational 

approximations monotomc and increasing^ to the quod- 


rabc surd 
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The ffeneral formula is 

^ _(a, + !)(«,+ 1) . (gi+l> K_ , + l) 

|/^ ■ • • • Of * 

and by successive reductions, usin^ = 2'»V_, — 1, 

Uf 2^ HI + • • -Hr I 

SS£ • I 

Vf Of 


( 4 ) 


}• 


( 6 ; 


Tho expression on the ri^ht is in its lowest terms, for 
(a) Of 18 odd. 

ib) ffn have no common factor, 
for if rtg =: 0 mod k = — 1 (mod i), 

and . EiOflE + 1 (mod A). 

(c) Of, + 1 have no common factor, 
for if rti=—l (mod *)«!=: a,— .. =—< 1 ^= + I (mod A) 

Thus Wf = 2'-Ul • . flff-i. 

Vf =«r. 

Thus Wf = 2flrr.ii(r-i ^ 2 i/mV,^i 

»V==2i;*,.,-l 

It IS natural to expect some connection between the 
product expiession for and its expression 

continued fraction 

oi + l 1 1 

fl, - 2^1, - 2fli - 

with negative partial quotients, the successive convergents 
of which likewise furnish a set of monotonic inoreasing 
approximations. 

Consider the continued fraction 

1 1 1 


as a 


( 6 ) 


and let ^ be the r*** convergent. 
v 

The (r + 1)*** complete quotient m — (y +«) 

„_(v+a);v-;»r-i 

or y*qt + y{pqr- qr-\—Pr)—apt—Pr.i 

and comparison with y* a a* — 1 gives 
aqt 

apf 

Write tor brevity a, 


( 7 ) 


u v'wi 

-«r.l-i»r=0 \ 

- Pf-1 «•(<»•- l)yf / 


( 8 ) 



41 


Prom the continued fraction we have immediately 

and 80 ^ p, i _ 

= apo^o + />«■ — 1 — ^aga l 
= 2 pa* — 1 using ( 8 ) 

= ffga* + /)»ga — gaga- 1 
— 2 /)aga using ( 8 ). 

Thus if ^ is the ‘i' Hh convergent 

a-, = 2*; 1 — 1 a*, = a 

y, 2ar,.,y, 1 y,= 1. 

The identification of a with Ui gives 

Xf = ar,Pr -- ‘«i«« «r 1 

2 ' ‘th convergent to ' 2 ^^ 2 <t'~ 

+ I 2^ + 1)^ • • ^r-1 

•r, «r 

Thai 18, it 18 the convergent of the infinite product 
discussed 

The infinite product is, in fact, a very rapid condensation 
ot the continued fraction. 


and the 

IS 
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THE LIMITS OF EXPLANATION IN BIOLOGY. 

Uy B. MILLAHD GRIFFITHS, D.Sa 

The biologist, whether he he a botnnist or a Koologist, 
deals with masses of matter. The study of matter in 
general is the domuiii of the physicist and chemist, and 
their ever-extending investigations reveal a world of 
phenomena exhibiting a unified orderliness and an invari- 
ability of veiiuenee which apparently prevails in unbrohen 
fashion from the minutest particle to the vastest star. The 
results of these lahours are embodied in the great 
generalisations of the indestructability of matter, and the 
indestructahility and conservation of energy. Thus if we 
take a lighted candle as an example, jihysicists and 
chemists assert that the mutter composing it, and the 
energy it is capable of giving out during cumlmstion, are 
absolutely <‘onstant, but that when the matter of the candle 
beconich water vapour and carbon dioxide at a uniform 
temperatuie, no further changes are possible. The matter 
and the energy are constant, but at the end, the energy is 
dissipated. 

In a similar way, the energy which a living mouse or a 
living man can derive from a given quantity of food, is 
also a constant, and when that food is consumed in the 
process we call respiration, there is a similar process of 
energy production and final dissipation. 

The energy balance for burning candle and i*eBpiring 
organism is one and the same, and the end results are 
identical. It is veiy easy to reach the oonclusion that the 
living and the non-living are therefore identical in every 
respect, and a considerable school of biologists do reach this 
conclusion. Nevertheless the deduction cannot be admitted 
as it stands, for the following reasons. 

Taking the burning candle as an example of a non- 
living thing, its energy history ^ very simple. It Under- 
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goes a process of moleculai change m which carbon compounds 
combine with the oxygen oi the air and become water- 
vapour and carbon-dioxide There is a lineai progression 
from mattei uhich is cupible of giving out energy , to 
matter which is less < ipable of giving out energy At each 
step in the progression, energy is set free in the form of 
heat and light and the hnal state is a volume of gases at 
uniform temperature The energy betomes dissipated, and 
the mattei of the candle is no longei capable of undeigoing 
further change What is also of very great importance as 
fax as our piesent purpose is coniemed, la the striking fact 
that the c indlc itself (< ises to bo candle and bec^omes 
something c^uite ihffetcnt niiiuly a volume of gas The 
niiltei of the cundle is constant but the candle as such, 
has ceased to exist It gises out eneigy but at the price of 
its own destiuition 

The emigy history of the living orgnmam is however, 
vel^ difleient The mousi toi instance, remaiUh absolutely 
int i( t and in live fotin of ils oftspiing lemams eleinally 
intact, in spite ot the fact that it ib perpetually self- 
consuming The mouse uid nil other li\mg things, have 
the extraoidinaiy and unK|ue pioperty of using some of 
the eneigy set tiee from then decomposing substance, to 
take hold of mattei extern il to themselves, and to incorpor- 
ate that extianeous mattei into then oun substance The 
living thing IB perpetually disintegrating like a burning 
( andle, but unlike a burning c audle is lust as perpetually 
leconstructs itself at the expense of extraneous matter 

The living thing, therefoie, is not a inasB of matter in 
the same sense as the candle oi any other non-living thing. 
The candle ceases to be a candle when its matter has 
changed fiom a solid to gas but tbe mouse, in spite of the 
fact that the mattei of which it is composed is perpetuaUy 
changing, neaertheless just as perpetually remains a 
mouse As long as mattei is living, it continues to letain 
its identity amidst ever-changing Bubatance» and this 
extraordinary property is shown by no othei mattes than 
that which we call living ” ^ 

There is yet another property confined to hvlhf matter 
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alone. If a jet of air of known velocity and volume i« 
directed upon the flame of the candle, the flame is deflected 
to a degree which is abttolutely constant. The deflection 
can be calculated, and however many timee the experiment 
is repeated, the same result la obtained. The reaction is 
strictly pioportional to the force acting, and the effect is 
simply the summation of the forces determining the shape 
and size of the flame, and those detei mining the shape <md 
size of the impinging jet of air. The camie is one series of 
phenomena and the object aflected is another, and the effect 
IS the sum of the two. A added to li gives A + B. 

If the jet of air is directed on the living mouse, the 
effect IS u very different thing. The living mouse is one 
series of phenomena and the jet of air is another, but the 
subsequent shape, size and position of the mouse is not 
the mere sum of the two. The mouse reacts to the impiug- 
lug jet, the jet causes an effect, but the effect bears no 
direct relation to the cuubo. A is added to B, but the 
result is not A + B. The cause of the change in the mouse 
is not a cause in the same sense as the cause of the change 
in the flame. The flame reacts to a foice acting upon it; 
the mouse responds to a stimulus. lu the flame, action and 
reaction are merely an addition sum whose answer can be 
predicted. In the mouse, the reaction is a response to a 
stimulus, and cannot be predicted. In the case of the 
mouse, the jet of air is a signal only, and what will be 
the response to the signal, it is not possible to say. 

These considerations must therefore give us pause 
whenever we begin to apply physico-chemical methods of 
investigation to living things. Caution is peculiarly 
necessary at the piesent time because there is a school of 
Behaviourists uhich in its otherwise laudable desire to 
unify knowledge, assumes that the phenomena of living 
matter are one and the same with the phenomena of non- 
living matter, and that the methods and results of the 
physicist and chemist can be applied without qualifloation 
to the living things with which the biologist has to deal. 
The attempt to interpret the phenomena of life in terms of 
physics and chemistry is perfectly legitimate provided it 
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IS reooprnifed tliit such an explanation eannot be complete, 
but to assume that complete explanation is possible and to 
ijfnore obvious diftei ernes only h ids to explanations which 
sometimes veiK^ on the iidtculous 

Let us fiist be (imti rleii what is meant by the term 
iTplination when used by the biologist who is desirous 
of inteipietin^f hvinjy phtnoniena in c h emit o physical 
teims 

To return to o\\\ lighted andli what is the explanation 
of the (han^ m shijt of the flame when a let of air 
impulses upon it® ^\hv lots the cmdlo flame change its 
shape? 

We say that the piiti le f air travellinf^ at a certain 
velocity stiike the pii tides of gras which are nsinff from 
the flime also at a ceitmn \elofit\ When the two streams 
of particles meet the direction of the stream of pras from 
the flame is the resultant of the two iniei acting forces as 
in the familial paralleloprrani of forces 

"BTow whether this explanation is scientifically correct 
or not the explanation as such ir mereU the insertion 
between two observed phenomena of a senes of other 
known phenomena and the whole senes forms a coherent 
chain oi network As long as the chain is coherent how- 
ever many insertions are made the explanation is said to 
be coirect and if the (ham includes all known phenomena 
the explanation is said to be complete We see how the 
flame acts and now we know why Similarly one can 
explain the change of the lighted candle into carbon dioxide 
and water vapour by inserting a senes of known mole- 
cular interactions between the state of the candle before 
and after the combustion 

Explanation therefore in these c ases is merely recapitu- 
lation the simple interpolation of the items in an addition 
sum of which the first term and the result are Imown 
If the inserted items and the first term total up to the 
known result the sum is complete the explanation is 
correct 

When we come to apply this method of explanation to 
changes in the living organism, we are at once mgt hy lSlx$ 
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difficulty that the phenomena exhibited by the living being 
are not the same as the phenomena shown by matter in 
general. The living thing exhibits unique properties which 
non-living matter does nut, namely the power of perpetu- 
ally maintaining its fqrin amidst perpetually changing 
substance, the power of assimilating extraneous matter, of 
growing and of reproducing. The living organism from 
the choniiro-physical point of view, is always the sum of 
known properties of the matter of which it is composed, 
plus those properties of I'e-creation, growth and repro- 
duction, which are not properties of matter as the chemist 
and physicist know it. This means that in the phenomenal 
addition sum, there will always be an unknown quantity, 
and its preMenoe will always prevent us being sure that the 
interpolated items in the sum do add up to the result 
observed. Before we can be sure of our result, it will be 
first of all necessary to interpolate a physico-chemical series 
of phenomena between the chemi co-physical properties of 
the matter itself and the properties of that matter in the 
living condition. For instance it will be necessary to 
explain in what (diemical and physical respects does the 
ultra-microwopic filter-passing virus differ from the col- 
loidal molecular aggregates surrounding it. Why does the 
virus assimilate, grow and multiply, whereas the colloidal 
non-living particles do notP What cheinico-physical series 
can be inserted between the phenomena of living mouse 
and the materially identical dead mouse? TTutil these 
questions can be answered, until they can be explained by 
a coherent series of known phenomena, it is not legitimate 
to ignore the fact that in the phenomenal addition sum of 
the living organism there is an unknown factor and we can- 
not therefore assume that our physico-chemical factors are 
the causes of the effects observed. Explanation in the 
sense of interpolating a known series of physico-chemical 
phenomena between the first item and the result, cannot 
therefore ever be complete. 

If these contentions are correct, the explanations offered 
by certain schools of Behaviourists ought to he visibly xm- 
satisfactory, but nevertheless whole books are written 
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oranuned With explanations ot animal and plant behaviour, 
and are apparently accepted as (oiiect How is this 
lemaikable result obtained:^ It is done veiy simply and 
very beautifully by creating a kind ot deity called 
liopum 

lo quote Mr hlatteley {Ptoc , U U I’h boc , VI, 2 
p 86), A tiopism IS an obligatoiy lesponse under the 
direct compulsion of an external stimulus, as when a moth 
flies into the flame of a c audlc 

Accoiding to this dehnition the moth flies into the 
flame because it is compelled to do so by the external 
stimulus of the light fioiu the flame, and the obligatoiy 
mcmeiaiion is called a tiopism Ihe dehnition is really 
an oxtrauidinaiy one, coming as it dues from a Behaviourist 
who IS endeavouiing to interpret the behaviour of living 
things in tei ms ot physic s an 1 v hemisti y The terms 

compel and obliged aie not sc lentiflc words at all 
Physical science knous only ot invuiiable sequences 
Necessity compulsion and ibh^ation ate not words in its 
vocabulaiy but belong to a totally difleient realm of 
knowledge the woild of the psychologist and the philoso 
ph( 1 Then use by a Bebaviouiist nt once aionses suspicion 
that legitimate explanation in physico chemical terms has 
f uled and that lefuge has Ineii taken m a bxanc h of know 
ledge with uhich the chemist and physicist have nothing to 
do IhiB suspicion is conhinicd ly the fact that the 
explanation given is at once foitihed by subsidiary pseudo* 
physical explanations whub Mr llitfeley quotes fiom 
Piotesboi Txieb to the « fleet that a hen the moth’s eyes are 
unequally illuminated the physiological symmetry ai 
the biain is disturbed and this distui banco being oommum 
oated to the muscles of the un illuminated side tliey are 
thrown into a state of ineieased tension etc etc ” What 
may be the physico ehemical nature of the disturbance/' 
or its communication is left m deepest ohsountr, 
under cover of that obscurity it is veiy easy to bring forth 
the ' tropism ” as an all sufficient explanation ol wl^i has 
not really been explained ^ 

Suppose we take a case of bUianour wh^ akn be 
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completely explained in physioo-rhemical tenne. Someone 
somewhere onre invented a curious little toy dog. When a 
bright light was directed on the loy, it began to move its 
legs and walked towards the light, and if the light was 
shifted to on side, the dog promptly swung round and once 
more followed it Examination of the dog showed that it 
contained two small electiir motors, one to each pair of 
legs, and the motors were connected with the dog’s eyes by 
wires Now what is the physical explanation of the dog’s , 
behaviour? Accoiding to the TiOeb school of Behaviourists 
the behaviour is due to a tropism, to an obligatory response 
to an external stimulus, to heliotropism in fact. They 
would go on to point out that when the two eyes are un- 
equally illuminated the physiological symmetry of the 
creatuip is disturbed and the disturbance being communi- 
cated to the motor on the un-illummated side, the motor is 
thrown into a state of increased activity and moves the 
legs on that side of the body. 

But what is that disturbance, what is the chemico- 
physical explanation of the upset of physiological 
symmetry? What series of phenomena can be inserted 
between the incidence of the light and the response of the 
toy? ** It is a tropism,” says the Behaviourist “ The 
dog moves because it responds to heliotropic stimulus,” and 
this is all one could get as an explanation. It becomes 
clear in fact that the explanation is no explanation at all, 
and the high-sounding phrase heliotropism ” is nothing 
more or less than a mere description of what happens. 

“ Tropism ” is only the statement of an observation, and 
the so-called “ obligatory response ” and direct compul- 
sion of an external stifnulus,” are only sounding phrases 
coined to cover up the fact that the explanation is not 
complete. The scientific Behaviourist would only le justi- 
fied in saying that the toy dog responds to light, that its 
motors move when light falls on its eyes, but what series of 
known phenomena can be interpolated between light inci- 
dence upon the eyes and activity of the motors, it is 
impossible to say. The behaviour of the dog^ can be 
described but it cannot be fully explained, because there 
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i0 au unknown factor at work, there is a gap in thcf 
physical series which m the juresent state of knowledge 
cannot be bridged, and to covei ignorance by inventing 
a name for ignorance, is to say the least unscientific. 

As the tropistic Behaviourist is quite content with hit 
explanation one need not tell him that the dog’s eyes oon* 
tain pieces of seliniuin, a substance which changes its 
structure slightly under the influence of light, and conse* 
quently causes change in any electric current that may be 
passing through it at the time. ' Now once this physical 
senes of phenomena is inserted between light incidence 
and motor activity, the explanation of the dog’s behaviour 
in physico-chemical terms, is complete. Heliotropism,’' 
invoked as a cause, la superfluous — as superfluous as the 
invocation of ” geotropism ” to explain the fall of a stone, 
and its invocation is clearly revealed as the illegitimate 
substitution of a mere descriptive teim for an explanation. 

Now our toy dog is merely a mass of non-living matter, 
and its properties are merely the sum total of the properties 
of its constituent parts, and its energy history is a linear 
senes of energy dissipations during which the battery 
chemicals break down and the mechanical ports wear out 
and the toy perishes. Knowing the properties of its parts, 
its behaviour can be predicted and is invariable. 

When we attempt to apply explanation to the case of 
the moth and its behaviour towards the candle-flame, we at 
once meet the difficulty that its matter does not only 
exhibit the properties of its constituent substances, but 
exhibits also a whole series of properties which matter in 
the non-living condition does not show, namely, those 
properties of re-creation, assimilation, growth and repro* 
duotion, not to mention those properties of psyche, mind, 
thought-^oall it what you will— which cannot he dealt with 
by the chemist and physidst. Furthermore, thet beharVionr 
of the moth is not by any means invariable, in spite of Mt. 
Flatteley's statement, or it would be the easiest thing in 
the wotld to rid a room of months. The light of th4' 
no more compels the moth to fly tabards it than the g fcW fc 
sigMl light oil the railway compete the driver 
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to drive foiwaid. The btimulua is a signal, and as far as 
we know, there is no physico-chemical connecting series 
between signal and lesponse. The train driver will go 
iorwaid not only to u greiMi light but a gieen flag, a waving 
aim, u swung lamp or the words Right away ! The whippet 
will dash away at the signal of a dropped hankerchiet or a 
pistol shot 01 the word Go ! but no one but a behaviourist 
would 4ay that negative pistol -slioto-tropism or positive 
dropped-handken'hiefo-tiojdsm was the physico-chemical 
explanation of the cieature’s behaviour. 

It is possible that so careful u worker as Mr. Flatteley 
did not intend that his definition should bear the implica- 
tions suggested, but neveitheless other workers go to even 
greater length in then invoi^ation of tropism as the fetish 
which pulls them out ol every diflieulty. Thus Mr. 
Flatteley (juotes (p 88) “ a favourite example of Loeh.*’ 

‘‘ The but tm fly Porthesm vhrynorrhcpa lays its eggs 
upon a shiub 1'he larvic hut(*h out in autumn and hiber- 
nate on the shrul>, usually close to the ground. In Spring 
the (‘aterpillars leave their self-constructed nest and crawl 
up the stem to feed on the young plant buds. Should they 
<*rawl downwards they would starve, but they never do 
<*rawl downwards. What is the cause of this remarkable 
behaviour? According to Jjoeb, the upward movement of 
the caterpillar is due solely to the influence of light upon 
the physiological processes taking place within the body. 
These processes, acting in relation with the symmetrical 
structure of the animal, bring about a movement directly 
towards the light In other words the larva* on becoming 
active after their winter rest, are positively heliotropic. 
As soon as the caterpillars have eaten the few young shoots 
at the top of the plant, they at once turn downward. The 
upward tendency which at first saved the animal’s life 
would now, if persisted in, lead to its downfall. What 
brings about this remarkable change of behaviour? Simply 
the fact that the process of feeding has effected changes in 
metabolism which result in the animal becoming in- 
different to light; these chemical changes in fact abolish 
heliotropism. Experimental confirmation of the above 
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facts in ay be obtained by pla(*in^ starved and fed cater* 
pillars in separate te8t*iube8 and submitting them to the 
same source of light. The unied caterpillars will make 
their way towards the light and stay there, while the fed 
caterpillars remain completely mdifterent/* 

Let us add a further example, strictly parallel and 
familiar to all of us. Ceitain creatures may be observed 
crawling about the cori>dois of Armstrong College. About 
one o'clock they are found to travel towards the refectory 
uheie they feed on soup, Hsh, joint and sweets. Should 
they crawl away from the refwtory, towards the Zoo. Dept, 
for instance, they would starve, but they never do crawl 
that way. Whal is the cause of this lemarkable behaviour? 
According to Tjoeb, the refectoiyward movement of the 
creature must be due solely to the influence of the smell 
or sight of the soup, fish, joint, and sweets, upon the phy- 
siological processes taking place within the body. These 
processes, acting in relation with the hymmetrical structure 
of the creature, bring about n movement directly towards 
the refectory. In other words, the creatures on becoming 
active after their confinement in lecture rooms, are posi- 
tively soujKi-fisho-jointo-swoeto-tropic. As soon as the 
creatures have eaten the food in the refectory, they at once 
turn away tow'ard the Zoo, Lab. again. The vefeotoryward 
tendency which at first saved the ci'cafure’s life would now 
if persisted in, lead to its scholastic downfall. What 
brings about this remarkable change of behaviour? Simply 
the fact that the process of feeding has effected changes in 
metabolism which result in the creature becoming 
indifferent to the smell and sight of the food; these 
chemical changes in fact abolish the soupo-fisho-jointo- 
flweeto-tropism. Experimental confirmation of the above 
facts may be obtained by placing starved and fed creatures 
of this species in separate rooms in the Zoo. Dept., and 
submitting them to the same smell from the refectory. The 
unfed creatures will make their way towards the refectory 
and stay there, while the fed ones remain completely 
indifferent. 

When one puts forward refectoriotropism as an 
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explanation of the behaviour of living? creatures withon 
the (yolle^e the abnurdity of the suggestion is only too 
glaringly apparent IL becomes obvious that rofectorio- 
tropism is merely a term describing the fact that these 
creatures behave in a certain fashion, but it is not in the 
least an explanation. In the samo way the heliotropism 
ot Loeb's caterpillars is merely a description of their 
behaviour and not an explanation of it ; it describes the 
mode of behaviour, it describes the conditions which guide 
their movements, but i1 gives no physico-chemical explana- 
tion of tlieir behaviout. The light is undoubtedly the 
signal to which the caterpillars answei, it is the stimulus 
to which they respond, it is the c*oiidition by which they 
are guided, but it is no more the chemico-physical explana- 
tion of their movement h than (he smell of cookery from the 
refectoiy is the chemico-physical explanation of our move- 
ments in Armstrong College. Far from Science being 
indebted to the Behaviourist for explanations of the 
tropistic type, it might be more truly said that Science 
owes Behaviourism a giudge for covering up a real 
difficulty with high-sounding terminology and pseudo- 
explanation. 

Explanation in biology is strictly limited by the nature 
of explanation itself As far ns the world of physics and 
chemistry is concerned, the process consists of the insertion 
of more and more complete series of known phenomena 
between antecedent and consequent phenomena, the whole 
forming one coherent and interlocking assemblage of in- 
variable phenomena. When the phenomena in question 
are those of non-living matter, the phenomena of energy 
systems which degrade in linear succ^ession, the explana- 
tions are wonderfully complete, but when we try to deal 
with the same matter in the living organism we are faced 
with the phenomena of energy systems which do not 
degrade in linear succession but which are re-creative and 
perpetual. Considered in its parts, the living organism 
can frequently be explained with some success, but con- 
sidered as a whole, the living organism can not. The non- 
living thing considered as a whole is merely the sum-total 



53 


of its parts, but the living thing is not, and as long as this 
difference exists, so long will it limit any physico-chemical 
explanation which ihe biologist can offer. The legitimate 
behaviourist rcalixes that this limitation exists; he knows 
that complete explanation must include not only the results 
of the labours of the chemist and physicist but also those 
oi the psychologist and the metaphysician. Thought, mind, 
psyche or whatever else it may be called, is as much a 
phenomenon of living matter as its mass, its molecular 
constitution and its re-<'reative property. Some day, no 
doubt, a synthesis of these varied bodies of knowledge will 
he achieved, but for the present the true Hehaviouiist will 
content himself with description rather than explanation, 
and will adopt that most diificmli of all views, a truly 
agnostic attitude, towords the dogmas of the materialist 
and mechanistic schools. If he does ho, biology will 
ceHainly be under a very great debt to the Behaviourist, 
and not as nt present, only rather mystified by terminolo- 
gies which have no meaning and by explanations which 
explain nothing and cany no conviction. 
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THE CHKOMOSOME BASIS OF SEX 
DETERMINATION. 

Bt KATHLlfiKN B BLACKBURN, D.Bc., F.L.S. 

All living organisms are made up of units called cells. 
A cels consists oi a tun (lament ul chcmicul complex called 
protoplasm of which tlie most important part is a central 
body, the nucleus. luciease in size is largely due to 
multiplication of these cells. 

When a cell la about to divide to form two the nucleus 
first divides and, in so doing, shows itself to contain a 
number of highly stai liable bodies^ the chroiuo.soiiieb. At 
the nuclear division each of these is nerurately halved so 
that every nucleus eontams exiu'tly the same number of 
chromosomes, and the numbtu is constant lor any individual 
typo of organism, for inbUince in a rat the number is 
always 32. 

Now in the higher organisms reproduction is brought 
about by the fusion of a male with a female cell. By a 
process termed tlie reduction division '* (during which 
the chromosomes, instead of each dividing into two, as 
above, separate into two equal groups, each of which forms 
a new nucleus), the chromosouies of the sexual cells are 
half the normal number characteristic of the organism: 
the fusion of male and female cells restoring the original 
number. 

These bodies, the chromosomes, are practically the only 
constant feature of the sexual cells and are consequently 
of very great importance in the handing on of hereditary 
characters. Thus at the reduction division the opportunity 
occurs for the sorting out of the parental characters. 

Now among the characters with which offspring are 
endowed is that of sex; the method of determination of 
which has always been a matter of great interest. 

It has long been known that in bees an unfertilised egg 
produces a drone, whereas a worker, or queen, ia product 
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by feitilijjation, whereby I he drone possesses half the 
('hrouiosouie mimbei of the female. A lather less obvious, 
but quite as definite, difference is found in many cases of 
animals iii which the tom ale has one mure chroiuosome than 
the male; in this case the male has always an uneven 
number of chiomosomes : take tor examples the bug, Afuzsa 
the male animal has Hil cbroinohomes whereas the 
female has 22. Thus in the case ot the female, the 
ehromoHomes beitifi uxiudly divisible by two the result will 
be that the eggs will all l>e alike, with 11 chromosomes 
each, whereas the male cells or sperms will contain either 
10 or 11 (diromohomeh. The 10 ehiomosomed sperm fusing 
with any egg will produce a 21 chromosouied individual, 
u male, but in the case of the 11 chromosomed one the 
result will be a 22 ebromosomed female. In these cases 
it is obviously the nature of the sperm which determines 
the sox of the offspring. From this it will bo seen that the 
odd chromosome in the male corresjionds to u pair of 
similar ones in the female: these are termed the sex or X 
chromosomes. 

In a slight modification of this type, instead of lacking 
one altogether, the X chromoHome in the mule has a small 
partner culled the Y chlomo^onle, but this makes no 
material difference to the simple method of sorting out 
the sexes os outlined above. 

The majority of animals show some method of this 
sort for determining sex, but in planU the state of affairs 
is different in most cases, because one individual bears 
both male and female organs, so, no sorting out mechanism 
is required. There are, however, numerous cases in which 
plants, like animals, are definite male and female 
individuals, as for example, willows, hops, sorrel, 
Canadian waterweed and the red and white campions. 
Naturally, Botanists have been searching for sex chromo* 
somes in such plants for many years, but it was not until 
1923 that success rewarded their efforts, they were then 
found at almost the same time hy four independent wofkerB# 

Among these discoveries the results of my own wo^k on 
the red and the white campion and the hybrid Between 
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the two {L^hatt Jama ugg.) ure perhaps the most straight- 
iorward uud clearly umrked. On investigating the iemale 
plant I lound that it has l2 pairs of chromosomes of 
which the individuals oi "one pair are distinctly larger 
than those of the others. The egg cells are all exactly 
alike, having 11 small chromosomes and one large. The 
male plants have also 24 chromosomes but 1 found that 
the large pair is most obviously comiioBed of unequal 
elements, the smaller of which corresponds in size to those 
of the female and is thus the X element; the larger one 
is the Y chromosome, thus reversing the usual arrangement 
in animals. 

The mechanism here is, however, astonishingly like 
that in animals; and, since in Ibis cose all the evidence 
points to the condition being a relatively recent acquisition, 
it seems likely that there is something more fundamental 
about it than would at first sight seem probable. 

One of the best pieces of evidence as to the soundness 
of this hypothesis of the method of sex determination is 
ease with which it explains the peculiar inheritance of 
certain defects, notably colour blindness in man and the 
occurrence of the narrow leaved form oi the white campion. 
If, for instance, a colour blind man is married to a normal 
woman, the children will all be normal. The sons will 
not hand on the defect to their descendants, but the case 
of the daughters is different. Half of the sons borne by 
these daughters will be normal, half colour blind. Their 
sisters on the other hand will be normal, but half of them 
will be capable of passing on tbe detect. How if you 
assume that the colour blindness was due to a defect in the 
X chromosome of the original colour blind father it is 
obvious that only half of his children can inherit it, 
these will l»e the females but, since in the females there 
is a pair of X chromosomes, one of which will be normal, 
the effect does not appear. Half of her children will, 
however, carry the abnormal chromosome and the defect 
will then appear or not according to the sex. 

To return to the actual question of sex inheritance, it 
will be obvious that, theoretically, the two sexes should 
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occur in equal numbers but actuall> they du not. The 
campions, op which 1 have woiked, are most conspicuous 
examples oi this discrepancy ; in some races the dispropor- 
tion is extreme and would itpiieur to be particularly great 
in experimental families. Suiiie \ciy tateiul and ingenious 
e\{)erinieiLts made by (Vnietis m Moiiiti lm\e thraivn much 
light on this lase. He lias shown that the aveiage speed 
oi giowih of the pollen tube is preutei in female deter- 
mining )iollcu grains (lum m the male detet miners. Thus 
if a large cNCess ot jiollen le.nhes the stigma the propor- 
tion ot temab* plants is likely to be gieuter than if the 
number of pollen giains cm responds more nearly to the 
numbei of ovules to be fertilized 

Fioni tills it will lie seen that, usually, the sex of an 
organism is determined at the moment of its inception, 
/ < , at fertilization, 1ml ivhicb mule lell suci^eeds in 
etfeiting tei lilization nmy be gmerned by other factors 
than blind obance and may occasionally be capable of 
exlernal control 
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TTIK FOROE RETWEEX TWO MAGNETISED 
SPHERES. 

Hy Q W BmYDoir, B 8c , A BtiUorr, B Sc • aad 
B G Lunmom, M a . M Sc 

This paper is concerned with the nieahuiement of the 
force of repulsion between two equal steel spheres placed 
in a fteld of magnetic for(*e, the direi'tion of w’hich is 
perpendi(‘ular to the line of centres. The theoretical 
calculation of this foice is not yet possible, and it does 
not seem to have been measured hitherto. 

Paut I. — Pbacticai-. 

Finit Method . 

In some experiments described by L, V. King* the 
forces of repulsion between magnetised upheres were dis- 
played by setting the spheres on a concave watch-glass. 
The various patterns made by different iiumbers of spheres 
in their positions of eiiudibrium are admirably suggestive 
of the elertron groupings in a model atom. We first 
applied this princdple, using two spheres only, to determine 
the relation between the force, which we shall call F, and 
the distance, to be denoted by .r. 

A circular coil of 20 cma. mean diameter was laid 
hor^xontally, and a concave lens of spherical surface was 
supported centrally within it. Steel balls of i inch 
diameter were placed on the lens; and when alternating 
currents of about two amperes were passed through the 
coil^ the balls fiew apart until their mutual repulsion 
was just equal to their tendency to roll down the lens. The 

*Klag, PMI irs0., 44 (19S3), 8D5. 



distance beluoeii ilieui was then measured by a (ravellinff 
mi<To&cope, hettiii^ tlie cross-wiie on both inner and outer 
edfcoH of eacb hpbeie. h'umi this distance and the radhiH 
of curvature of the lens, the foiee was caleululed from 
the formula 

imqx 

” >/ 4 (ff - i)* - /* 

which is easily derived. Ileie m is the mass of each 
sphere, a is the ladius oi the lens surtuce, b the ladius 
of each spheie Six diifeient sui faces were used, and six 
different values of the cuiienl with each suiface. 

The results aie liest shown b.\ plotting hn} F n^^ainst 
\oD Xf and these cuives are shown m Fip; 1 The> can be 
very well represented by stiaight lines, and if the slope ot 
these lines is n they (oirespond to the law ot force; 

F « ^ 

The riunuMical values aie as follow's: — 


Ciuient 

n 

k 

1*00 nm]ih 

*1 .51 

0 18 

1 40 

3.51 

0 38 

1 82 

3 81 

0 03 

2 07 

3 81 

0 74 

220 

3 05 

1*05 

2 08 

3 04 

1 38 


Radii of curvature of the lenses; 2*85, 4*8, ()-9, 10-95, 
21-3, 32-6 cms. 

Distances lietween the spheres: from 0-3 cms. to 0-8 
cms. 

Diameter of sphere — 0-312 cms. 

Mass of sphere -0-1 25 j^ram. 

Magnetic field strength— 40 100 gauss. 

Mean value ot n — 3-60 ±0-10. 

The theory indicates that the factor k should be 
proportional to the square of the magnetic force and h^nce 
to that also of the current. The relation between the 
observed values of k and the current is compared in Pig. 2 
with this theoretical result, and Is found to agree with 
it : the experimental points lie fairly well upon the 
theoretical parabola. 
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Second Method 

From these hist lesults it was evident that it iKould 
be valuable to nieisuie the force by a more accurate 
method, in which possible surface defects in the spheres 
and in a lens suiface had no distuibmg effect A con- 
venient torsion balamc was therefore constructed Ihis 
consisted of a li^ht honrontil arm, 8 0 ems loiijf, 

carrying a steel spheie at one end, and suppoited b^ a 
fine wire, at first ot copper md later of phosphoi bronze, 
20 ems long ihe aim cairied also i mirror, foi use with 
a lamp and scale, iiid a damping vane immersed in a 
dash-pot containing water The upper end of the torsion 
wire was fixed to a graduated screw-head, and to this, 
another mirioi was ittached, to permit ot gi eater accuracy 
of reading The whole was enclosed in an airtight box 
and its final sensitiveness was such that a deflection of 
1 mm on the sc'ile was produced hy u force of 7 9x10^ 
dynes acting on the ball The actual forces measured 
were between 0 005 and 0 25 dynes The torsion constant 
was measured in the usual way, b\ timing the oscill itions 
of the beam before and after attaching a standard inertia 
bar 

The second steel ball was mounted on a metal strip 
attached to the case in such a way that its position could 
be altered in two directions b\ means of two adjusting 
screws In e\cr\ experiment the two balls were first just 
brought into contact b> tinning the torsion head, then 
the curient wss switched on, and the position of the ball 
was detei mined for each of a senes ot positions of the 
torsion head 

In these experiments, especnl care wis taken to ste 
that the magnetic field was exactly vertical and uniform 
throughout the area containing the balls Two honzontal 
coaxial coils were mounted so that the balls were in a 
plane mxdwa\ between them, and this gave a very unifoim 
field 

In some experiments where a non-uniform field was 
used, its effect was examined by removing the fixed ball, 
and measuring the force upon the movable one in various 



63 


poBitiouH. This force wus eubtructed from the values 
obtained when the fixed bull was replaced. This extra 
force was due to the tendency of the steel to move into 
the strongest part of the field. There might also have 
been a slight difference in its amount according to whether 
direct or alternating i‘urrent wus used, de|)euding upon 
the hysteresis energy losses: this \%as cureiully examined^ 
and no measurable effect wos found. The balls were 
demagnetised after each experiment. 

Four sets of readin>»s were taken, with different 
GUI rents, diffeient pairs of coils, and different suspension 
wires. They aie shown in Fig. 3 us four curves connecting 
the logarithms of force and distance; and each of them is 
again a good straight line. Their slopes are 3*41, 3>50| 
3*86, 4*U5, and the mean of these numlx^rs, 3*70, is very 
near to the value obtained (3- 66) in the fii*8t method of 
measurement. The distances were between ()>5 and 1-8 
cni8., i.c,, from two to six diameters of the sphere, and 
the magnetic fields were of the order 100 gauss. The law 
of force is, therefore, within this range, well expressed by 
the relation : 

F = fep 

Part II. — Theorkticai.. 

The problem is immediately soluble when the relative 
dimensions are such that the influence of the field on one 
sphere may be treated as being independent of the presence 
of the other sphere. In this case, the magnetic moment of 
each sphere is given by 

M = , . . (1) 

where ft is the permeability of the material, a the sphere 
radius, and H the field strength. The force is given by 

. . C«) 

It iB interesting to compare thie expression with the .iwi p T e 
power law we have deriyed from experimental results, and 
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a graph of log F with log xfl, calculated from (2), is given 
in Fig. 4. Evidontly if the convenient hut unreal quantity 
I can be treated U8 a constant, we may write 

¥ = kx ^ 

for any limited range ot and the value of n risca from 
3 to 4. Hut the experimental guiphs, though differing in 
slope, are each ot them stiaight lines of unvarying slope, 
and the toimului based on a constant I term aie theretore 
inaccurate 

A next approx iiiiutiou ran he made hy considering the 
field ill which each sphere stands to be leiliued lu value 
from H to 


H- 


1 

M + 2 



by the piesence ot the second sphere, 
expression : 


This leads to an 




and this involves a rather hlo^\el inerease of n with 
increasing r than the former expression 

Further results can only be obtained 1\\ pursuing the 
tedious method of images. A foiinal stutemeui ol the 
solution by this method has lieen given h\ Hoggio,* but 
the actual result has not been obtain ‘d. 


An alternative line of attack u]K)n the problem is to 
apply the toroidal coordinate systems devtdojied by Hicks 
and Jeffery. t We take curvilinear coordinates n, r, »r, 
such that tt — con9t> is a series of eoaxal spheres, two of 
which are the given spheres, const, is a series of spheres 
through the limiting points, and ic measures angles about 
the z axis. Then the undisturbed potoniial, is 
expanded in a suitable form without much difficulty ; 


Vo = - 2 JcoBh, u — cos V cos w ^ 

1 




* Boggfio, Bend, del r Inxt, Lomb.. 37 (1904), p. 405 
t Jeffery, Proc, Bo^ Soc , A. 87 (1013), p. 109. 
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A similar series with unknown coeliicientb 
is next assumed tor the disturbed potential^ and the 
• • Sv 

boundary conditions (V and both continuous) are 

applied to determine A and B. This leads to a difference 
equation : 

/i[((n + 1, A, - (n + 2) A,+i)« ^ + (nA. - (n-1) A. 1 )«" *’“] 

= — sinha.# ^ ^ [(n + IB, — » + ,«B«ii)oo8h/i + Ja 

+ (»B, " - 1 Ba 0 cosh H - Jaj 

which is at present insoluble. 

At present, therefore, only the experimental conclusion 
, is available and it is oi u simpler form than had been 
anticipated, viz.: — 

For distances apart of from 2 to 10 times the diameters, 
the force between the two spheres is jfiveu by 



THE PHUTO-ACTIVATION OF CHIX)BINE * 


By WiLTRXu Tatu>h, B Be , KiscAmcH Si'uobAii, AnHBmona Collmv, 

The original clogHifieatiun ol photo-<*heinieal reac^tione 
by J, Slaik admits of the following poBSibiliiies : — 

(I) Where the light releases photo electrons. 

(!2) Where the light induces electrically neutral dis* 
sociation. 

(3) Where the radiation acts by its heating effect. 

In addition to these, however, we must recognise other 
cases, and recent work seems to indicate that the old theory 
of activated molecules, first propounded by Arrhenius, may 
serve to explain these exceptions. Becent work has shown 
that it is possible to have profound internal molecular 
changes which yet leave the mole<*ule, as a whole, 
electrally neutral. These changes are brought about by 
the absorption and emission of energy ; the energy generally 
appears in the radiant form ith definite frequencies form- 
ing the absorption and emission bands of the characteristic 
spectrum. Full details are given in Sommerfeld’s 
Atomic Structure and Spectial Lines/’ also in the 
papers by Curtis (Proc, Roy, Sor,^ A 101, 38, 1922), and 
V. Henri (Proc. Roy. Soc., A 105, 6G2, 1924). 

It is shown in the above works that a normal molecule 
may absorb energy from an incident beam of radiation, 
and pass into a new and less stable configuration, the 
valency electron being thrown into higher quantum orbits. 
We may speak of this new state as being an activated 
condition”; Sir J. T. Thompson has put forward the 
theory that in a condition of such intra-molecular strain 
the molecule is able to enter into chemical reactions 
previously excluded. 

* This research forms the subject of a note in the PM. Ifao., 40, 
lies. lOST 
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ihe objici oi the piesent lebeaiih being to study the 
phyMcul lesultb oi suih pieliiiuntiy activaiion, a genuine 
example of Ibis kind sought among the large number 
of known photo < hemic il leadants and the very well 
investigited lebiMoui ot chloiine seLnitd to piomise a 
suitable subject oi imesttg ition Under the influence of 
light the t hemic il prcpcities ol (hlorine are greatly 
inoclihed and it uacls with benzene c ubon monoxide 
ind uith ludrj^tn itstlt t toini h^diogen chloiide Ihis 
last leirtion has been vciy turetully studied by chemists 
ami has pio\ided a \ei> exiensi\e hteiatuie ihe fact 
that a moist mixtuie oi equil propoi lions of hydiogen and 
chloiine although c|Uite at iblc in the daik unites to form 
irCl on exposure to light was knoun by Uavy and iirst 
studied by Diaper uho c^ame to the conclusion that the 
light me leased the elec tio iieg iti\e piopeities of the 
chlorine Dnpei s uoik was repeated by Bunsen and 
lloBCoc usin^ in impM)\ed foim of actinometei ind later 
1)\ Bulges'! and ( ha pm ui (see Pror Chem Sot 20 IM 
1904 and J ( S 89 ii 1399 1906) 

Ihat the* reaction does not rome into any of Stark s 
categories seems to be shown by the fact that no trace of 
the piesence of ions during the comhination could be found 
by Sir T T Thompson (Proc ( amb Phd Soc , 11 90, 
1901) Lenarcl and otheis that there is no change in the 
relati\e densities of illuminated and dark chlorine 
(Eummell & Wobig /e\i Flekfrothem^ 16 262, 1909, and 
17 409 1911) and that Altering the light from heat rays 
does not altei its eftect The return of the molecules from 
the activated to the noimal state is almost instantaneous 
since it has been shown that the activity ceases immedi- 
ately on cutting oft the light (Bovie J A C S , 37 1721, 
and Wendt, T A 0 S 44 2377) 

For the purpose of the physical investigations it was, 
hoiKever necessary to define precisely ihe spectral limits 
(if anv) of the activating light and here, little trace could 
he found m the literature of the subject of any precise 
determinations It has been stated that cutting out blue 
and red light produces little change, and again ihe 
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GrotthuM law ol photo-chemiHtry huH been invoked, where- 
by only that light actually ubviibed by tlie gases is 
effective in promoting the leaciion, but the ubsorptiou 
spectrum ot chlorine is complex and coiupiises both band 
and tine line hysteins extending o\er must of the visible 
region. H was hence deniable ihat actual detenninaiions 
should be macle. 

The chief obstacle previously in the way of such work 
has been the difficulty ot obtaining Hufticieutly strong 
inonocbroiiiatic ladiations suitably placed throughout the 
spectrum. In the present case, a set ot very perteot colour 
filters designed by Hn Win Pope was employed. Kach 
filter passed a narrow band fiom some portion of the 
spectrum and no extraneous \isible ladiution w’haiever. 
The complete set of eight filters covered tlie whole visible 
region. The appaiatus constiucted was a modification of 
the octinoincter of Burgess and (’hapman {lor, </^), con- 
sisting of a bulb of fiO c.c. capacity fitted wdth inlet and 
outlet tubes and a graded cupillaiy tube along whi(*h an 
index (of sulphuric acid) could move freely and indicate 
contractions of volume of gas m the bulb. The floor of 
the bulb contained pure water satuiated with chlorine and 
hydiogen. The gas nn'xtuie was supplied by the elec- 
trolysis of pure concentrated hydrochloric acid in all-glass 
communication w'lth the bulb inlet. Electrolytic gas pre- 
pared in this way is contaminated with oxygen, the 
quantity varying in a complex way with the i*oncentra- 
tion of the acid, but the subject had previously been 
investigated by Chapman (J. <7. 95, K15 and 959), and 

the knowledge so obtained w’as utilised to reduce this 
difficulty to a minimum. The stopcocks were all lubricated 
with syrupy phosphoric acid instead of ordinary grease. 

The bidb was sunk in a large water bath fitted with an 
air thermometer, and encased in an opaque cover having a 
small window and shutter. The room itself could be 
completely darkened in addition. 

The illuminating beam was provided by the light from 
a “ Pointolite electric lamp of great brilliancy, having a 
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point uouice and pidctually no heat ladiatiou Ihis light 
was collected by means ot lens system and brought to a 
focus alter passing thiough a water cell ihe focus fell 
in the plane of a slit m a biieen at which place the colour 
hlters could be placed the beam then diverged and 
passing through the window of the water bath fell upon 
the bulb 

Ihe chief experimental dilhculty lay m the pecubai 
mtion oi ihe inhibiting agenU whose iniluime has been so 
fully traced by Buigess and ( hapnian At hist exposures 
under identical conditions yielded reaction velocities vary 
mg by several hundred per cent and it was never possible 
to charge the bulb without introducing more inhibitor 
(presumably oxygen) The tiouble was finally overcome by 
carefully standaidising the filling operations by prolonged 
sluicing with gas mixture ind by taking advantage of 
the fact that white light itself will lemove the impurities 
aftei periods of inertnesh and induction Accord 
mgly before each set of exposuies the bulb was exposed to 
white light until reaction began and then darkened until 
equilibrium was established again Ihe leaction when 
commenced with coloui filtei in position proceeded with 
remai kable steadiness and volume / time graphs were 
straight lines to ^ high degiee of accuracy so that the 
reaction velocities could be determined as the tangents of 
the gradients All the leidings were repeatable and as an 
additional precaution a second octinometer was constructed 
with some improvements suggested by experience obtained 
with the first and the whole set of experiments rex>eated 
again 

The results were quite definite No action at all was 
obtained with any of the filters thiough out the red yellow 
green regions but combination was initiated with the blue 
and violet It might l>e remarked that any variation in 
the activating power was due to a difference in total 
intensity tiansmitted by the filters and to guard against 
this source of error the relative energies (after careful heat 
flltrations by water cells) were determined by a delicate 
thermopile arranged in the usual way with a Kelvin mirror 
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gnlvanometc^r. The final results axe {piven in the annexed 
table (reproduced from the Plulosophical Magazine), 


Flltvr 

BaiwUun 

Velocity 

lUnwof 

(AnirBOom unlui) 

Belotir* 

ijght 

lnU>iMlty 

OorraoUd 

▲rlinUng 

Powor 

VioWt 

lOU 

4300—4800 

7 

100 

Blue 

27 

45ii0— fiOOO 

11 

17 

Blue grroii 

14 

4780 5370 

13 

8 

Orcen 

0 

5050- 6570 

15 

0 


The wave lengths were measured in a Ililger direct- 
reading spectrometer, and are, of course, only approximate 
sinf e the band edge shaded off in a nebulous manner. 
Suttioient data wore established by the above investigation 
to l^mit the acti\atiiig poition of the spectrum and to 
show which wave lengtlis could be used in optical studies 
and yet leave the chlorine in the normnl molecular con- 
dition. Such optical woik is Iwing at present proceeded 
with. 



AITJIOMION 01 IJII MflllOD 01 IHtKMAL 
A\ crisis 10 DHJRMINL (JUINQUtVAL 
fcN(E IN AKOMVIK ARSEN ICAJS 

Bjr STANutr Put 

lcitiu> iisines Ntibiue*) and b]sinuthine«i readily form 
OIK mu iti\eb in vludi the imtilloid is pentivalent 
rht stability ot tlw s( < lupounds appears to detiease pio 
gie>smlv m pasMiij, tioiii aisenic to bismuth, tor the 
triai\l usines ii t to tii'nylilkvlaisoiuuin halides on 
M iiimiip, the iisine with (he lowti all vl h iluhs stibomum 
f(iu] ) in Is utin wixi iit lining mixed ill\l u\l t idules 
while (lit iiespou ling bisiuuthonium deii\ati\es hu\i not 
>et 1 h,(u isol tid ilth u^h (omi>ouiidH t\Ht of tlu tjpe 
RiR \a wheie R lepiesuits an iiyl group and \ a halogen 
Indu itions ot intunudiite foimitioii of bisniuthomum 
(Oil p muds b'lie been ihsiived howevei by (hallenger 
(/ < S 1914 10 j 2211) nho found tint on heating 
isobui\l hiomido with tuphenylbisniuthine diphenyl 
broni >1 isniutbine wns pi duced 

In \i(w i the gii ihi st ibilitv of quln(|ue^ alent 
irhtnic coinpoun Is it w is fousukn 1 thit a diagram 
showing the viiiatini it fiee/ing point with (omposition 
of Inniiv inixtuns of sxininetncal tn uylaisines and aiyl 
halides would show dulenre of the formation of the 
uisoinuin ulditioii product It was hoped to extend this 
method of investigition to analogous compounds of 
antimoiiv md bismuth in oidei to study on i compaiativt 
basis the \alciuy of these elements 

To ivoid exppiimentil dithfultus it was desiiahle to 
choose (omponeuts whuh wire solid and m addition to 
avoid subsidiaiv leutions it w is necessary that the radicle 
attachel to aisenu should be identiial with thit in the 
aiylhiilide With tins ob]ect in view (luantities of tn-p 
tolylarsine uiul p ludotoluene base been prepared and an 
equilibrium diagiam of the binary mixture examined 
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Equilibrium Diagrams, 

KquiHbnum tliugrama Hhowing tho variation of frees- 
ing point with composition in binary mixtures have been 
fully studied and described by Boozeboom (Zeii, PhystiaL 
Chem.f 1899, 2S, 605). 

The coinpleto iieezing point c*urves should belong to 
one of the two types shown in Fig. 1 provided that the 
substances do form compounds and not mixed crystals. 

These two types oi diagrams show composition plotted 
on the abscissae and corresponding freezing points on the 
ordinates. 

In Type I. AC and KB represent the ordinaiy freezing 
point curves with eutectic points at (/ and E. The inter- 
vening curve CK contains a maxiinuni point at D indicat- 
ing the formation of a comjiound of the composition 
represented by D and, moreover, the compound is stable 
and has a definite melting point. 

In Type II. the only difference is in regard to the inter- 
vening curve OE which does not show a maximum point 
except in the metastable region, shown by the dotted curve 
at Di, 

The point Di indicates the melting point of a compound 
which is unable to exist in contact with solution at this 
temperature and there! ore decomposes, at some lower 
temperature. The point E thus represents the limit of 
existence of the compound. 

The two types oi diagrams have been realised experi- 
mentally (Philip, Journal Chein, Soc,^ 1903, 83, 821). 
Type I. is exemplified by phenol and a-naphthylamine and 
Type II. by mixtures of benzene in picric acid, these two 
compounds being represented by the points A and B 
respectively in Fig 1. Philip also shows that the com- 
pound, containing equimolar proportions of benzene and 
picric acid is only stable when in contact with solutions 
containing excess of benzene, that ist at temperatures below 
the melting point. 
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Experimental. 

I*reparatfon of }faterial$, 

(«) Ti i-p-t()l>larhine was obtuined th** method of 
Michnelv^ (Ann. 1902, .327, 201), and alao by 
meun«< ot the Gngnard reuetiun magnesium 

p-tolyl bromide and aihentous chloride. The 
latter method does not appear to have been previ- 
ously dehciibed, but is not as satisfactory as 
the former, owing to the quantity of bye-products 
produced. 

The specimen was leciy stall ised several 
times fiom alcohol benzene until the melting 
point was const.int at 14G degrees. 

(b) P-iodotoliieiie was prepared in the usual manner 
from p-toluidine and recrysi all ised from alcohol 
until the melting point was um^hanged on 
further recryst alii sat ion. All traces of solvent 
were removed by keeping in a high vacuum. It 
melted at 34® {\ which is lower than the figure 
usually rccoided (36® C.). 

To obtain a diagram for the system p-iodotoluene and 
tri-p-tolylarsine a series of fieezing points was determined 
for the pure substances and various synthetic mixtures. 

The freezing points were determined by the cooling 
curve method, fusing the mixture (or pure substance) in a 
test-tube, heated in an oil bath. The test-tube was sur- 
rounded by a larger tube to provide an annular air space, 
and a thermometer passing thmugh a cork in the mouth of 
the inner tube, was placed so that the bulb was completely 
immersed in the melt. A niercury-in-gluss thermometer 
with a range 0®-176® C. graduated to 0 2® direct reading, 
was used for the detenainatioiis. 

During cooling, the melts were stirred continuously 
with a glass stirrer. 

The results are plotted in the curve shown (Fig. 2). 


7 
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The curve shown ie])rest‘u1b a eutectic Hystem with a 
eutectic mixtuie <*oniiM)sed ot 7 7 molecular percentage of 
ti i-tolyluihiue thus giving oue branch curve much longer 
than the other. This longi»r hianch curve bhows marked 
curvaluie but no eMdeiue ot compound formation. 

In order to decide uhetlier or no a higher eutectic point 
did exist (see E, Kig. 1, Type II.), a het ot complete cooling 
cuives wah obtained lor nnxturea on the puio tii-p-tolylar- 
hiiie side of the diagram. 

Cooling curves tor eutc'ciic systems arc of the form 
shown lu Fig, 3 a, 

B IS the teinpeiatuie at which solid first sepaiutes and 
is therefore the lieezing point ot the given solution. 

CD lepiesents u eonstuiit teinpeiatuie peiiocl corres- 
ponding to the sepaiation of eutectic mixture and generally 
lefeired to as the enteidii time.’* 

Such a period should be shown for every eutectic point 
which occurs. 

On examining a huge number ot cooling curves, 
c’overing a w'lde laiige of compositions, it was found that 
oul> one eutectic point, at a tenipeiature of 29® C. 
ijccui red. 

A topical cooling curve for a mixture containing 65 
mole<'ular |>en*entag<* ol tn-p-tolylai-sme is shown in Fig. 
3n. The “ eutectic time *’ is at 29® C. 

ConrUtston^, 

The diagram (Fig. 2) obtained dm's not show any 
evidence of compound foimation between the two com- 
ponents for an oidinary eutectic diagram represents the 
conditions of equilibrium. 

Owing to the relatively high stability of arsenic com- 
pounds it is not to be supposed that stiboniuiii or bismuth- 
on iuin compounds would be formed under similar 
conditions. 

The fact that tri-i)-tolylmethylarsonium iodide is readily 
formed from its generatois, while tetra-p-tolylarsonium 
iodide is not produced under similar conditions would 
appear to be due to the negative influence of the aryl 
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f^roup. A further example of thin nature has been ((iveii by 
Oruttner and Wiernik (Her, 1916, /V, 1760) who find that 
diTiipthylpheiiylhtibiiie adds on methyl iodide while 
methyldiphcnylhtibine does not, the replueemeni of one 
alkyl by an aryl y:roup being suflieient to prevent 
combination. 

The beha\iour of the intermediate aliphatic-aromatic 
radicle, beimjl, is similar to that of alkyl, pentavalent 
(compounds, (*om|H)uud8 such as tri-m-tolylbenxylnrsoniuni 
chloride being easily prepared. 

The equilibrium cuive obtained, shows, however, that 
under the above conditions there is no indication of the 
formation of an additive compound, and it appears prob- 
able that no tetra urylarsonium derivatives can be prepare<l, 

Tn conclusion the author wishes to acknowledge his 
indebtedness to Mosms C. F. Allpress and W. M. Madgin, 
for their assistance and guidance. 



THE EXl’EHIMENTAl. DETERMINATION OF THE 
DISTRIBUTION OF STRESS ACROSS THE 
WALIiS OF THICK CYLINDERS SUBJECTED 
TO INTERNAL PRESSURES. 

By 11 B IiANCK M.ABT 1 N. B Sc , Abboc H Iubt C.E 

Rarely hus a tlieoiy \\)th so little expemuental 
ovidenoe been used in pracdiml design as liame’s theorem 
dealing* with stresn distribution uitons the walls of thick 
cylinders. The ditficulties of measurement have, no doubt, 
gieatly contributed to this; as it has not, in the past, been 
possible tor direct stiess measurements to be made on the 
same cylindei. Strum ineasuiements* have been made at 
the outer ladius from which the stress has been deduced, 
but tliis mtormation, valuable as it is, does not yield the 
actual distribution of stress from point to point across the 
walls. 

The piesent article deals with the latter problem and 
compares the exjiei inientul results with Lamp’s theorem. 
Sfatement of fhe Theorem of Lnm£*, 

In Fig. 1 lei p be the radial compressive stress ( + ) at 
any ludius r, and q be the resulting <'ircumferential ten- 
sile stress (-). Then considering the equilibrium of the 
element nhcd of n cylinder of length the algebraic sum 
of the hoiizonlal and vertical forces must be zero. Hence, 
l{p + dp){r + dr)d6, 
added to the two vertical components of 

1 . 7 . dr, viz 2 . / q.dr. rf0/2 
must balance / . . r . or 

l{p + dp){r + dr)dd — . dfl — l.p.r.dO » 0 

Dividing through by l.dB and neglecting the product of 
small quantities 

p-^r^dpjdr^q ... (1) 

* *' StreMth of Thick Cylinden nndor Internal Premre«'* by 
G. Cook, 1I.& , Awoo.lf.Inst.C E , and A Bobinson, M 8o , 
ing, l&th 0eo , 1911. 
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The horizontal forces, q.m ^ cos (</^/2) are equal and opposite 
and thus cancel each other. 

Eiiuutiun (1) I') tiue statically, hut ib UKlcteirnmnie for 
the solution oi the sticsse^ by itself A fuilher equation 
is requiied and is supplied by the ussuinptinn, which 
TiUin6 makes, , tliut the loiifrii udinnl stiain on a plane 
section of a lonjy thick cylinder is constant when hubiectod 
to internal piessuie, the se* tion bein^? a considerable 
disluiLce from the ends; in other ivotds, it is assumed that 
the section lemnins plane after loadinpf. Moreover, the 
ends may be open or closed If open, the stiuin is only 
dm to the stresses /; and q, but it closed, the longitudinal 
strain due to the unifoim longitudiiiul stiess n must be 
added. Taking the lallei as being the slightly more 
general 

/ fi /E + /*/j/ ih'E + /-q/ = a constant, where ai is 
l^oissons ratio and E is Young’s Modulus ot Elasticity 
Dividing thiough b> //E, 

/I + /// wi f- q / //I — a constant ; 

of these quantities n and m are themselves constant, 
therefore 

p + q must also be equal to a constant, 
lict /> + q = 2 c, 

substituting the value of q as given by equation (1) in (2) 
2 // + r ^/p/rfr=:2 c, 

W’hich, multiplied acioss by r and integrated, gives the 
well-known solution; — 

p-e + hjr^ . . . . • (3) 

q^e-bjr^ (41 

The theorem has been given at length in order to 
emphasise tlie assumption made for obtaining equation (2) 
In the present work the second relaiionship between p and 
q has been determined experimentally. 

In practice it is undoubtedly true that the normal 
stress n is uniform for sections which lie at considerable 
distances from the ends of the cylinder. Advantage of this 
fact was taken to make n zero^ and thus the speedmen 
cylinders could have open ends, w'hilst the length I was 
made to convenient dimensions. 
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The specimens were made of “ celluloid,” approxi- 
mately 0 17 inch m thickness, in the form of accurately 
turned discs with holes of diifeient diameters drilled in 
them. Each disc whs suhje<*led io internal piessiye and the 
resultiiif? stiess dihti ibutions weie obtained by examining 
the bpecimens under plane polarised liKbl, and usin^ the 
“ Wed^fe ” method and the “ Sheet ” method. t 

In order that the lesults ot eaeh experiment should be 
strietly comparable, the spechnenH ureie nlso allowed to 
remain loaded for approximately two days before the 
standard measurements were taken. Other tests were 
made, however, for the same loading:, at shorter and 
longer periods of rest, so that the effect of time could be 
studied in detail. These tests will be discussed later, as it 
is of interest to show that the chosen period of tw<i days 
lies on that part of the stress-time curve at which the 
majority of the lag has actually taken place. 

Standard Teats, 

The overall dimensions of the four specimens are 
detailed in Table I. 

Tabis 1 


Nanber 

Kileiml 

Dlaoiatar 

Id InohH 

Intenul 

Dhtmetor 

In lu( faM 

ThiokneM 

tn 

InnbM 

1 

1 5076 

0 180 

0-17 

2 

1-6040 

0-260 

0-17 

3 

1 6046 

0 367 

0 17 

6 

0 7390 

0 180 

0-17 


Four radial measurements were taken across two dia- 
meters at right angles to each other, and the mean of tliese 
four measurements was adopted os the radius at which the 
stress-difference p + g occurred. This method was found to 
be advisable on account of the “ isochromatic ” lines not 
being quite circular, either due to want of symmetry of 
loading or to slight diffeiences in the material. See Fig. 8. 

t " Some Further Fn^rties of Celluloid with a BisouMion ou the 
Basic Pnnoiplee of Optical Mctho«la of mcasaring Stress and Strain,'* 
by the A.utW. Proeetdingu of thr VnivorMtty of Durham Phil. 
doeieiy, Vol. YI., Part 6. 
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Again, so that tlie numerical work should be reduced to 
a minimum the letuvdation corresponding to the stress- 
diflFerenoe has been letuined thioughouL Had the stresses 
themselves been iet[Uiied they eoubl have lieen evaluated 
by tlie method desciibed in the jmper to nliich leference 
bus been made. 

Table TT. gives the results ol one of the tests. In the 
fiiflt two columns are tccoided the actual experimental 
figures; in tlie third column the calculated stress-differences 
from the discoveied law. The discrepancies between the 
calculated and the experimental stresses, and the mean 
si^uare residual for the whole test me gi\en in the fouith 
and fifth columns rospectivelv. 


Tvble it 

Spool men I 


lUdll 

Rxprri mental 

OalisiUtid 




(Means 
of <1. 

Sirew-dlff 

(r fvr 

Struw diff 
iP f«) 

Reeldnal* 

M S K 

R uuulis 

0-7538 


- 47 20 



T(.*8ted 49 hour* alter 

0'47ft6 

- ISO 

—118 30 

+32 


loading. 

02830 

-320 

-334 10 

14 

— 

0*2436 

470 

452 00 

+ 17 

— 

The outer and inner 

0*2180 

-fS70 

505 10 

+ 5 

±19 2 

diameters measured 

0 2080 

-620 

-020 70 

1 1 

- 

) hour after inoding 

1 508 mohea and 

0 1890 

- 740 

747-00 

-7 


0 1773 

-855 

854 40 

+ l 


0'lHL5 inch lOAp. 

0*1633 

-1005 

i 

-1007*00 

2 



^IfoU — In Fig 1 ff ** u nhown as a oomprowiive stroHH and equation 
(1) has its HigiM aroordingly **9'* ih, however, tenaile. henee the 
nirrxKKNOK iMtween S poaitive compreaHive ntreas and <*g’' a 

negative oompreeHive rtreu must bo wiitten as ''p s- 9 

After several preliminary trials the following equations 
were found to fit veiy closely the experimental data: — 
Specimen 1 , p + “26'86/r^ with a M.S.B. of ±19'2 

Specimen 2. p + q^ —53 00 / 1 ^ with a M.8.B. of ±16*4 

Specimen 3. p^q~ --84*50/r* with a M.8.B* 'Of ±19’0 

Specimen 6 . p + 7 — — 2160/H with a M.S.B. of ±26*0 

Hence the stresH-difference can he written in the general 
form: — 


p + grr= - 2ft /r* . 


. ( 6 ) 
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where h is a coiishuit. The nunus biffn is used liecause the 
experimental stre.ss-diflferenee was found to be tensile 

(Jonneetiriff this e(|uuiion wiili the Mtatieally true state- 
ment of e(iUtttion (1) we have: — 

2'p— ~ rulp jJr - *Zb I 
which on being integiutc^d yields: — 

p-a + bfr^ . . . . . ■ (fi) 

q = a — b j . . . . . - (7) 

These results aie identical wilh those given by Lame’s 
theorem for long thick cylinders, wheie a is u constant and 
is the same as e in the statement given above. 

The numerical values of and q and their sum 2* ~ ^ 
are given in Table I II , and Fig. 2 shows graphically these 
results together with the stresn-difPerences. It will be 
seen that the experimental points lie veiy close to those 
cm VOS. 

Tablk hi. 


Spertmen 1. 


BadU 

CUruUtfld 




AltwiMte MfttlMML 

(Muu 
of 41 

Htww dig 

P+9 

i* 

V 

(Hum) 

P 



0'7A38 

-47-20 

0 

-47-20 

47*26 

0 

-47-20 

-47*26 

0 4766 

-118 30 

35 52 

-82 78 

47*26 

39 

-79*30 

40 30 

0 2836 

-334 10 

143-37 

-190*73 

-47*26 

120 

-194*10 

-54*10 

0 2436 

462-60 1 

202-67 

-249*03 

-47 20 

200 

-252*60 

-52*60 

0’2180 

, - 665 10 

2A8 07 

-306 13 

-47-26 

263 

-299*00 

-36*20 

02080 

-620*70 

286-72 

-333-98 

-47-26 

204 

-327*00 

-33*00 

0*1890 

t -747 00 

340-87 

-397 13 

-37-26 

357 

-390*00 

-33-00 

0 1773 

1 -864 40 

403 67 

-450*83 

-47*26 

411 

-444*00 

-33 00 

0*1633 

'-1007-00 

479-87 

-627-13 

-47*26 

484 

1 

-520-00 

-30-00 


As an independent check the experimental information 
that can be obtained from the “ isoolinics was compiled. 
From the images of the specimens as seen on the screen of 
the polariscope it was observed that these isoclinics were 
symmetrical radial straight lines^ and consequently also 
lines of principal stress (Fig. 3). By the method due to 
Prof. L, N. G. Filon, M.A., D.Sc., F.R.S., os described 
by him in a contribution to the report of the Committee of 
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Section G oi the Jlritinli Association on Complex Stress 
Disirihution, this additional expeiinicntal evidence 

wus also used to obtain the viiliieh of the stresses p and 7. 

Under the heading of Alteinati* Method in Table III. 
the values ot the stiesses so obtained are given. They coni- 
paie favourably with those pieviously determined, the 
vaiiations being prinianlv due to the unavoidable in- 
accuracies of giapliicul integration. 



The Effect of Time. 

The plan adopted to inveatigato the effect of time was 
as foIIow's. Radial ineasurenients across a single diameter 
of Specimen 1 w'ere made at convenient peiiods of rest. 
The probable value of the constant h for each period was 
then calculated and these values were plotted against the 
time. The equation to this curve was then determined and 
the probable values of the constants contained in it were 
estimated. The equation found was: — 
b * 60/i*'^, 

* See Sngine^ring, 10th October. 1023 
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or putting* it in the general form 

h A/;» (9) 

wheie A and n me constants and t the time interval in 
niinuteb lerkoiied from the tune of loading. It will he seen 
in Fig. 4 that for the peiiods adopted in the foul Htandard 
teflts, the values of h are approaching uniformity. 

The index of ^\hleh was deii\ed fioin rneaHUrementH 
taken acioss a single ilianieter, Avas used when applying 
equation (0) to the four slaiulaid tests, although the latter 
had their ineasuienients taken acioss {\\o diainetera at 
right angles to each other. Table IV. gives a summary 
of this work. 


Tablk IV 


Bperlmm 

A 

t In min. 

BiporlmenUl 
"b " 

On1ruUt«d 

••b" 

Uvmw-ka. 

1 

47 0 
47-0 

1 .545 
2,920 

27 0 

20 X 


Rftch \alue of *' 6 ’’ 
woH obtainod from 
the mean of four 
ratlml measare- 
mcntH taken aeross 
tw(» diameters at 
right angles to 
each other. 

2 

94 7 

94 7 

00 

2,000 

70 42 
r»3 00 

S3 00 

3 

143 0 

143 0 

210 

2,880 

97*00 

83 .'jO 

80*00 

1 

37 0 
37*6 

00 1 
2,040 

28*00 

21 n 

21 4 1 



MrthofJ of Co-ordinating the data obtained from the 
Standard Tents, 

To demonstrate that the data obtained from the four 
principal experiments are strictly comparable^ it is con- 
venient to plot the ratio pjp + q against the ratio wjd 
wheie tr is the width of the material between the outer 
radius and the radius r at wdiich the stress-difference p + g 
occurs; and d is ei|ual to 2r. See Fig. 6. The values of 
these latioH, given in Table V., are shown plotted in Fig. 
6, where it will be seen that the points from all the tests 
lie on a curve, Jt follows therefore that the general law : — 
P + g= -26/r3, 

is equally true for the four tests. 
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Tablb V. 


apacimtii 1 

Spat men 2 

Sperimen 3 

Spaolnitfi 

Wd 1 

iVp + a 

void 

p/p + c 

»/d 

p/p + g 

«o/tf 

p/p 1 g 

1 71 

0 477 

1 13 

0 453 

1 045 

0 448 

0 771 

U424 

1 ;u 

0 464 

0 77 

0 424 

0 793 

0 424 

0*470 

0*371 

U 85 

u 4:)() 

0 416 

0 352 

0 526 

0380 

0226 

0260 

0 29 

0 290 

0 072 

0 115 

0 219 

0 246 

0 740 

0*120 

- 


— 

— 

0 060 

0-093 

— 


2 rjo 

0 530 1 





— 

1 

Note 

Tho last item for Hpccimeu 1 is founded on the approximate law 


p q ^ - 26 86/r* + 0 07/r‘ which m apxilioablo to tho higher strew-differ- 
enoe» This point han boon included in Kig 0 to nhow that the rate ol 
Inoroaae of ihp fitrom dilToionoe falls off as the inner raditu of tho oylmdei 
U approached 

On leference to either Table II. or Fiff. 2 it will be 
seen that the ineasuienients have not been taken as far as 
tho inner radius, us the discovered law, (juoted above 
breaks dowif in this le^ion The want ot unifoniiity thus 
revealed may be (explained by asbumin^ that the material 
ib btresbod beyond the .so-called elastic limit, and this con- 
tention IS supported by the few nieaburemouts that have 
so far been possible, which indicate that the rate of 
increase of the stiehS-diflPeience is not so rapid as the 
diM'oveied law w^ould indicate if extrapolated into this 
repfion. 

Concivswns 

There can be no doubt that the distribution of stress 
across the walls of loiifiT or short thick cylinders is given 
bv the equulioiiH deiived fioin the theorem of Lain^, so 
long as the material at the radius considered is not strained 
beyond the range of linear proportionality. Such strain 
measurements that were made (see Table II.) confirm this, 
but it should be pointed out that the increase in the 
external diameter is dependent upon the over-stressed 
material as well ns upon that not over-stressed. The data 
at present available, liowevei, suggests that the law, in this 
region, is of the form : — 

ji; + ^ “ a “ h / r* + c / — e t c . 

where a, b and c are constants. 
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Tti \iew ot the cxpeiieme su fat gained from thitt pre- 
limmaay work, smulai suns of tests aie being propired 
whieh hne ioi then e)l)ii<t the meusutenient of the* le^ult- 
ing stiain teioss the w ills ut open ended metal tyhndeis 
made ot elifieient mateiials 

Ihe author takes this oppeiitunity of thanking 
Lngmeei-romiuandei C 1 Hawkes, 11 N (let ), I’lofeflsoi 
of Engineeiing it Aiinstiemg Collegt, Newcastle-upon- 
Tyne, in the Univeisity of Uuihani, foi his coidial 
suppuit of this work, to Messis (’ V Millei, B Sc AS 
Knolles, B Sc , unel P Nath, B Sc , foi their \aluable 
ahsistance in taking some ot the leadings, and to the 
Standing Conuintlee toi Be sc iieh eif Aiiiistmng College foi 
additional appaiutus 



llLli VOLCANIC IILSTOIIY OF SOTTTUERN FIFE. 


By Ducolah A Allan, B Hr . Pu D , F.B H G 8. 

1 lie Midland Valley of Seotlaud has proved, hy reason of 
its weultli ()l exposures of igneous rocks, a fruitful field for 
the study of ceituin pliuses of vulcuuieity of the past. A 
geueiul account ot the igneous geology of tho area was 
given by the late Sir Archibald Geikie in his Ancient 
Volcanoes ot (Jreat llritam (1H97), and subsequent 
investigations have yielded an ever-increaeing mass of 
valuable data regaidnig the volcanic activity which inani- 
tested itself duiiiig the Lower Old Red Sandstone and 
(Jorhouiferous jieriods. In the region under consideration, 
Southern Fiteshire, theie is a group of volcanic necks, lava 
flows, dykes, and sills associated with siMliinents of Carbon- 
ifeious age, which piescnts numerous interesting features. 
The petrogiapliy oi some of these exposures has been dealt 
with by the author iu an mrlier publication* and the present 
contribution, while suiumariBiug that work and bringing 
it up to date, is concerned also Tvith certain wider aspects 
of the problems ot the district. 

The locks of Soutlierii Fife form an anticline, the pitch 
of \^llich is a little to the east of north. In the core of tho 
fold is revealed the major part of the Calciferous Sandstone 
Seiies and enveloping it is the Carlmniferous Limestone 
Series. (See fig. 1.) The overlying Millstone Grit, Coal 
Measures, and Tipper Red Coal Measures are disposed in 
synolines to the east and to the north of the anticline. 
Throughout the area is a number of faults, some of con- 
siderable magnitude, witli a general radiate disjiosition from 
the core of the anticline. 

At many places the sedimentary rocks have been 
truncated by volcanic vents which are in the main perpen- 
dicular to the plane of the bedding of the country rock. In 

* Trasf. Roy Soc, Edin., Vol. LUI., 1934, p 479 ^ 
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Mse there is much variation; the TIill of Beath vent has u 
larger diameter of nearly 3,000 feet — that at King 
Alexundf'r’b (haig ine.isureb baiely ir>0 feet acioss. The 
principal r'oiittMit of the volcanic neekh is u greeuish or 
greyish ash. Within the \enU themselves or in their 
vicinity theic aie in many cases intnisioiiH of fine-grained 
olivine basalt. Among the sediments they appear as sills 
but where ash is the suiroimding medium they occur as 
dykes. (See fig 2 ) 

In the district immediately to the noith and east of 
Burntisland is exposed a stories of lava flows, fifteen hundred 
feet in thickness, interbeilded with normnl sedimentH. 
(See fig. 1.) The locks arc in getieial rather fine-grained 
olivine basilts of the Dalmeny, Hillhouse, and Kiiighorn 
typos.* Tt has been found possible to group the lava flow> 
together m iw'eoidnure with this classification, and to 
estuhlish a seiies of zones The island of Tnchkoith is 
composetl of ft continuation of the Invas of Kinghoru. At 
the wt'st end ot Tnclicolm.t and at Aberdour on the same 
strike, J are lava flows of Dnlmeny type basalts. Their 
liurizon is not known accurately, but it is thought to be 
well below that of the Burntisland group. 

The intiiisions of the area form a not inconsiderable 
chapter m the histoiv of its vulcanicity. While there are 
numerous dykes and sills in close association with the 
vents, this phase of igneous activity is to be found in its 
greatest development in the region surrounding that which 
contains the majority of the nocks and the lava flows. 
There sheet after sheet has been intruded, their superficial 
area as ai present exposwl far exceeding that of the lava 
flows (*See fig. 1 .) 

The products of intrusion show variety both in comxiosi- 
tion and texture, and may be considered most simply, 
perhaps, according to the following grouping : — 

(/i) Olivine-bearing rocks are represented by basaltic 
varieties (Dalmeny, Hillhouse, and Dunsapie 

* Tram Boy Sor Edin , Vol UII , 1924, p 484. 

f Tram Qeol, Soe. Edin , Vol IX , 1006, p. 191. 

t Tram. Boy. Soc Edin., Vol LHI., 1933, p. 366. 
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types), and by dolentic varieties either porphy- 
ntu* and siil>-^)phitic (Ouihston type) or non- 
potphyi ttie and btrongly ophitic 

(h) Annlrite-heuiiujy locks, nlMtiys eoiilaming olivine 
or its replacement products, are found in the 
basaltic and dolentic types oi teschenite occurrinpf 
wiihin the distrud. Biotite is an almost constant 
accessory and in M)nie cases honihlciide is present 
in addition. 

(r) A nophehne-beannff basalt has been disfovered 
recently near Inverkeithinjf by the writer and a 
detailed desciaption ot it is in course of pie]>ara- 
tion. This is the first definite occurrence of 
nepheline in Southern Fife, and it serves as an 
important link Miih the tclspathoid-earryingf 
rocks of Eastern Fife * Tn his paper on “ The 
Lower (Tarboniferous Volcanic Rocks of East 
Tiotliian (Garlloii Hills), F. IT. Hatch 
menthms that a rock similar to that from Tnver- 
keithinpf occurs at Hill of Heath, in Southern 
Fife, but in the material collected from that 
place dun Ilf? the course of this investigation, no 
nepheline has been identifietl so far. 

(tl) At Hiirntisland Docks tlieie are two prominent 
outcrops of a rock unlike those previously 
described. The examination of the nature* of this 
rock was rendered difficult by the fact that 
piactically all of the material collected was 
highly decomposed, the only fresh minerals being 
felspar, a very pale brownish ongite, and 
occasionally some very small fragments ot quarts, 
set 111 a turbid matrix which was taken to be the 
renininh of an intcrsertal mesostasis. It wna 
therefore retained in the olivine-free group of 
Drs. Hatch and Watts ns doscribed in the Memoir 
of the Geological Survey on Central and West 

* Mrs Wallscc, Trans Oeol Soe Hdtn , Vol X.. 1016, p. 340 

t Tran#. Hoy. Soc. Bdin., Vol. XXXVII , 1003, p. 116. 
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Fife (1900)/ and at the same time its close 
relationship to the quartz (lolerites was affirmed. 
The rerent investigation of the dolerite of 
Dalmuhoy in Midlothian by Dr. D, Campbell 
and Mr. J. W. Lunn has resulted in the Burnt- 
island rock being grouped with it. Chloropheeite 
which they have discovered in the Dalmahoy 
specimens has now been identified in the fresher 
material a closer search has yielded from the 
Burntisland intrusion. t 

(e) The rock type which contributes to a most striking 
extent to the intrusions ot Southern Fife is quarts 
dolerite. It is essentially a quarts, plagioclase, 
augite rock, the fresher specimens of which 
usually contain n fair amount of hypersthenc. 
Allport ns early ns 1874+ described the occurrence 
of chlorophceite in the quarts dolerite of South 
Queensferry. 

From the brief description just given of the products 
of the vulcaiiieity of Southern Fife it is not difficult to 
perceive the essential homogeneity of the assemblage. The 
olivine dolcrites and the olivine basalts differ only in their 
texture. The discovery that analcite occurs as an almost 
constant accessory mineral in these rocks indicates their 
kinship with the teschenites. With the exception of the 
sparing occurrence of biotite in the Dunsapie type olivine 
basalt, black mica and hornblende are apparently confined 
in their distribution to rocks containing analcite or 
nepheline in fair amount. The nepheline basalt at Tnver- 
keithing contains both biotite and analcite in fair quantity 
and HO links together the normal basalts on the one hand 
and the teschenites on the other. Detailed chemical 
analyses of the various rock types yield indisputable proof 
of their monogenetic character, (See table at end.) 
Finally the gap between the olivine-bearing suite and the 


* Loe. eit., p. 81 

t The Mineralogiedl Meg^eine, Tol, XX., No. 110, 10)5, p. 440. 
t Quart. Joum. Oeol Soe. Land., 1874, Yol. 80, p. 657. 
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quarts dolentes ih bridged by the rocks f)f Burntisland 
Uarl>our It may be mentioned of the olivine-boaring rocks 
that in some cises they possess a picrite facics at the base 
Ihe compact assemblage ot volcanic vents, lava flows, 
and intiusious, C/oupled ^ith the strong evidence oi the 
raonomagmatic otigin of tin mateuals, make it possible to 
attempt a reconstruction of the sequence of events in the 
Igneous activity of the tegion Of the hiteen necks 
mapped, eight cut stratigiaphn al hori/oiiH highti than 
the euilitst lava floiRs, lud then fort cannot have seived as 
the oiihtes fiom uhicb these flows weie emitted Of the 
lemaining be\en vtuis, lour are associated with deposits ot 
tuff ot cousideiable litcial extent, most uggestive of the 
wide spread of pyroclastic tnuioiiii usually tound m the 
vicinity oi the more important vokanie cones, and it is 
signifitant to note that this ash occurs about the honson 
ot the first lava flows In answer to the contention 
that these vents may be lueitly the stumps of volcanic 
pipes which* passed up through voungir stiata since 
removed by denudation, it may be stated that an 
examination of the fragments ot bedimentary rcxks liom 
the agglomeiates yielded no material of an age demon- 
strably more recent than that of the surrounding strata 
Ihe Binn at Burntisland, which iiicxirpoiates two of the 
necks, is thought by leason of its large sire and central 
position to be most probably the locus of dispeisiun oi most 
of the surface products of vulcaniiity in the area (see 
Fig 1) Below this mam ash horizon, the bore at 
Whinnyhall has revealed the presence of several thin beds 
of ash which together with the Aberdour lava flows 
heralded the greater activity to come 

The vents at Kirkcaldy, Hill of Beath, and Crossgates 
penetrate the lower members of the Caiboniferous Lime- 
stone Senes and are therefore younger than the lavas of 
the Burntisland district, which are confined to the 
Caloiferous Sandstone Senes, if the Seafleld Tower Lime- 
stone 1(9 taken to be the equivalent of the Hurlet Limestone. 
The older survey maps show two lava flows in the 
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Caibunifeious Limestone Senes one a little noith ot 
Kiikcild> lailwa^ stalion mil the uthti ut Doth in (see 
1 1) I he ioiiiiet inl in ophilu olivine (1< lentt is 
well exposed in the i iilway cutting where rontuet altera 
tion ind 1 truiisgiessno junction indicatt its intiusive 
nituit 1 he Dothan lock is in In me doleiite closely 
ikin to some oi the nmteiiil oi the Until Hill sills ueai 
Kirkcild^ ind is converted piitiall^ to i White irap m 
places Ihis is in itselt most su^i,^estivc of an intrusion 
but even stionger evidence is obtainable from mine 
w irl mgs 111 the vicinity where the coal is icpoited to 
be reduced locally to \ cindeiv mass 

Ihe dykes, bosses and sills cl olivine bisalt were 
clcvcl pid lu all piububilit^ s ou litei the efiusiou of the 
I IV IS it they weio not m pait couUnipormeous with them, 
so simihii must h ive been the c onditions of cMiusolidation 
is shown by their textuie and stiuctmes It is noteworthy 
that the uiijoiity of the mtiusious of Ilillhouse type 
Imsultb occui not iir iiom the hoii/on of the lavas of the 
sime type while the stmtignphically higher gioup of 
sills oi Daliueny t\pe basalts show a similar relationship 
to the later 1 iva flows oi tht same roinposition — an anange 
ment in keeping wnth the suggested pent contemporaneity 
of the inti unions with the effusive basalts If this 
hypothesis be admitted, the olivine dolentes must of 
necessity represent a Jeter phase of the igneous activity 
as they are present in force at the top of the Talciferous 
Sandstone Senes (see Fig 3) and in the overlying 
Oaiboniferous Limestone Senes In two places in Southern 
Fife IS there evidence that the quart/ dolentes are of later 
formation than the olivine dolentes On the island of 
Inchcolm an L W quarts dolente dyke cuts across a 
picrite teschenite hill,* and at Enockbathy a quarts dolente 
sill otherwise continuous for fully twelve miles, has 
forked againbt an olivine dolente sill, expanding somewhat 
m area and becoming much finer in texture 

* R Campbell and A G Stc«nhotiiio Trans Oed Sac Edtn Vol 
IX lOOe p 180 
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Ou the question ot the conilitioiift maintaining in the 
area during this peiiod, u eunsideiuble amouiit of evidence 
is available fortunately, all of which points to the sub- 
aqueous extiusioii ot the lava flows, although the presence 
of Iragments of tossil wood in the p loin ei ate ot the necks 
suggests that the craters reared their heads above water 
and weie clothetl with vegetation. Associated with the 
lavas are well-bedded sundstones coutnming the tests of 
marine organisms together with a varying jiroportiou of 
luffaceous material. In the inteival between successive 
flows, beds of shale were deposited, and m one case the 
omoming muss of molten lock toie up portions of the 
sediment and curried them a short distance. Beds of 
limestone of restricted extent have l)(»cu found occupying 
hollows on the surface of the uudetlying basalt^ and 
occasionally siu'b calcareous ac( uniulutions yield valuable 
material to the paheobotauist. That the concentration of 
calcium enrlKinate in the water was sutlicieui to permit 
precipitation, is also indicated by the strong development 
of calcite in threads and veins and along the joint planes 
in the Igneous rocks. 

It is a common observation that the volcanic rocks of 
the Lower Old Red Sandstone period me highly decomposed 
in comparison with the remarkably' fre^h condition of 
the Carlnmiferous igneous material. llie proportional 
difference in age seems an insufficient leason for so marked 
a variation in the degrees of freshness. It must be 
admitted, however, that the Lower Old Red Sandstone 
rocks in many cases passed through a cycle of denudation 
in Upper Old Red Sandstone times additional to those 
shared with the Carboniferous strata. It would be of 
considerable importance if wo could asc'ertain how much 
of the weatheiing of the Lower Old Red Sandstone lavas 
took place immediately after each eruption. Tf, as is 
generally supposed, they fiow^ed over a land surface or 
into lake basins subjected to x>eriodic desiccation, we have 
a clue to their acute decomposition. The Lower Carboni- 
ferous lavas flowed into water and were quickly oovere<l 
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up, for accumulation of sediment is rapid round the 
margins of a basin of deposition such *ib Southern Fife 
must have been as is indicated by the fact that the 
Calciferous Sandstone Group at Bishop Hill is less than 
170 feet thick while at Burntisland twelve miles to the 
south it includes fully 600 feet of normal sediments 
Fuither south lu Midlothian, the same group is over 
6 000 feet thick The sequence of the sedimentary rooks 
interbedded with the lava flows of Southern Fife, while 
indicating vaiiation in the depth of the sea shows that 
the general trend was towards progressive submergence of 
that area culminating in the deposition of the marine 
limestones of the Carboniferous Limestone Senes 

The volcanic history of Southern 1 ife is intimately 
connected with that of West Lothian in point of view both 
of time ot occurrence and of the products of the igneous 
activity Ihe earlier vulcanioitv of Arthur Seat in 
Midlothian,* soon after the cMimmencement of the 
Carboniferous Peiiod gave rise to a suite of olivine beanng 
rocks not so very different from those described in the 
present paper Hegarding the age of the vents in Eastern 
Fite there is still some controversy, but the one at Lundm 
Links IS c ertaiuly Post Coal Measures, and is of special 
interest in that the agglomerate was found to contain a 
weathered fragment of quarts dolerite, while that at Largo 
Law has been demonstrated only recently to be of Car- 
boniferous Limestone age t Theie is thus strong evidence, 
in the aieaa mentioned for the continuity of volcanic 
activity from the commencement of Garboniferoui tunes on 
to the Permian 

The writer is indebted to Dr Frederick Walker of the 
University of St Andrews for permission to publish his 
recent analysis of a Dalmeny type olivme basalt given on 
the appended table Acknowledgment is also due to Dr 
Hieklmg for helpful criticism 

* OsoJ Survey The Geology of the Neighboarbood of 

Edinburgh 1010 Chap YII 

t V Balnlhe Gaol Mag Vq] LX 1028 p 580 
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Chcmu al AvALrsia 



I 

If 



■1 

SiO, 

4( 18 

44 60 

43 66 

42 40 

44 02 

AlA 

n 66 

14 48 

13 77 

13 8'' 

10 80 

Jai’- 

1 21 

1 13 

2 50 

209 

500 

8 8*1 

0 01 

0 61 

0 32 

826 

M«0 

10 47 

12 26 

10 HI 

11 21 

lo61 

(aO 

0 93 

9 56 

10 00 

0 76 

620 

Na,0 

KJ) 

2 4) 

1 77 

2 72 

230 

1 60 

0 07 

0 70 

046 

0 87 

023 

H,OatlO*5 C 

0 44 

060 

0 77 

0 47 

— 

H O above 10^ ( 

2 40 

1 HO 

2 45 

3 35 

660 

TiG 

244 

1 00 

2 86 

2 01 

1 64 

^6 

060 

0 18 

027 

0 61 

020 

0 16 

020 

024 

020 

020 


n d 

n d 

n d 

n d 

0 07 

n d 

nil 

nil 

000 

0 02 

SrO 

n d 

n d 

n d 

n d 

003 

BaO 

n d 

n <1 

n d 

004 

0 13 

1 CO, 

ml 

nil 

nil 

0 22 

004 


99 64 

100 17 

00 01 

100 06 

100 13 1 


n d — Not dtiermmed 


I — Dalmeny Type Bwalt High Binn BumiuiUnd 

Analyst F Walker Oommonioated privately Sp Qr ^3 06 

II — Oalluton Type Dolerite Oalliaton Quarry Kirkoaldv 

Analyat W H Herdiman Sp Gr *«2 98 

TVvfM Aoy Soc Fdtnr vol Iiii 1024 p 407 

in — ^Kmghora Type Basalt Chuck Hall Quarry north of Bumtuland 

Analyst W H Herdnnan Sp Gr «2 07 

Tma# Bay Soc Bthnr vol lin 1024 p 407 

IV — Hillhouae l>pe Basalt Hillhouse Quarry Linlithgow 

Analyst F O Radley Mem €M Sttrv Scot Ihe Geology of the 
Glaagow District 1011 p 

V — Piorite Cblmswell Burntisland 

Analysts Harrison and Reid H S Washington Chmiml AnaifHs 
of Ignetme BoekM 1917 

AnallysisIV u of a rook whkih is in eveiy way similar to those of the same 
type in Soathetn Fife and is inoludei for eompanson 
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EM'I^NATION OK ILLUSTRATIONS 
Mat (page 91) 

1 Sketch map of Southern Fife, Hhowmg the general dinpoeition of the 

igneouH rockn In the key to the Hhadmg for Olivine Basaltn P Hignifioa 
Dalmonv type and H signifien Hillhuuse type 

Flats (Figi 2 and 2) 

2 — The Finn, Burnt inland A dyke with oolumnar jointing outtmg oorow 

the agglomerate , m which numeroun bombn can be neen The weather- 
mg of the anh in oharooteristio 

3 — Tonohenite mil nouth of Seafteld, Kirkcaldy The mtrunion hai forked, 

and tranngreamvo jumtinns can be seen both above and below the 
flodimeiitH 



IvAOLINIlP BlAlllNG NDUDLI S lllUM 
NLWLAS J 1 1* COAL MLASUllLS 

By lotucKtirr 

Stptainn flay uonstone nodules ^ilh truks filled up 
i^ith kiohiute nul (aldti found m n sliile uudeilying 
Ihe High Mun (oal seim at Low (tiiIc ^i< Uf astle-on lyne 
Ike powdeiv white inintral fiom the (lacks was subjettel 
to a miciosc opic al lud (liemual inil\ is lud piovid to be 
in almoRt pun kuohniU t nnspinding t> the thtoreiK^l 
formula 2HaO AljOa 2Sil)j Some c f the hemispherical 
kaohme iggit gates which weie lining tlu walls of the 
(ia(kb had u ludiatin^ fibious stnutuie tilth fibre ecu 
sistmg of i single kaolmile iiystul 

The nodules weie c imposed ot two distinct parts 
(1) An e\ttnml liininated slitll imlosing (3) u comp'ut 
septan in coie Those two pirts oi the nodule weie 
inilysed both cheniically ind line los c pic illy (muio 
sections and leeMgated residue) I he shile in which the 

nodules weie imbedded was subjected to th b'lme inalysis 
Lach chemical anilysis was recalculated into a norm 
mineralogual composition and by means of a piitial 
anilysis of the insoluble tesiduc oi the nodule the per 
rentage of the shale mitenal in the nodule was c'llculated 
Ihis gave tho opportunity oi calculating the relative 
amount of the compression of the shile (1/T) checked by 
1 direc t measurement of the thicknesses of the lumellaa in 
the shale and in the nodule 

Ihe probable mode of origin of the kaolinito beoiing 
nodules together with tho shale in which they are 
imbedded is as follows 

(1) Deposition of laminated mud in ar estuary or 
lagune rich in vegetation 
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(2) Concentration of colloidal iron carbonate in the 

form of nodules under the influence of humic 
bodies and the activity of plants. 

(3) Consolidation of colloiorm nodules into crystal- 

loidal masses with a subsequent setting and 
cracking of the interior. 

(4) Qraduul compression of the laminated mud into a 

shale under the influence of accumulating sedi- 
ments, 

(5) Infllling of the septarian cracks with kaolinite and 

culcite which were precipitated from an aqueous 
solution and probably derived from the sur- 
rounding shale. 



THE STRUCTURE OF ARAGONITE.* 


8 ToHUiarr, 

An attempt han been made to conbtruci u leptonic 
model of aragonite (orthorhombic variety of calcium 
carbonate) by combining the X-ray method with a new 
method of etch-figureH, 

A leptoiii(* model of aragonite conHtructed in Huch a 
way that its tranaformation into culcite can be attained 
with a small expenditure of energy, vas tested by means 
of the metlkod of etch-iignres, and n perfect agreement was 
reached between the figures observed and those deduced. 
The spacings of the leptonic model are in perfect agree- 
ment with thobe observed by W. L. Bragg, with the 
exception of two faces the spaoings of which are half of 
the observed, lliere are certain indicatiouh that aragonite 
as a metastable phase of cahdum carbonate tends to pass 
into calcite even nt normal temperature, and that aragonite 
in its natural state may be partially transformed into 
calcite. This could explain the abnormal spacings in the 
X-ray spectra. 

The constructed leptonic model of aragonite belongs to 
the space group C*3 m and, therefore, aragonite is not 
orthorhombic as previously thought, but monoclinic. This 
fact, already remarked upon by some mineralogists, 
definitely places aragonite in the holohedral class of 
monoclinic system. But as its crystallographic axes are 
orthorhombic, morphologically aragonite must be con- 
sidered as a pseudo-orthorhombic crystal. 


* A complete eoooant u publhihed in the Min^ralogic^l Ifaoetins. 
Vol. XX., no, p. 408, Sep^ber, 1985. 
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Nov 13th — The Straoture f Aragonite with speoial referenoe to the new 
htohed h igures Meth A of Crystal analysis By b Tomkeieff 

24th Further propertien of CelluJo d illustrating Basic Prmoiples of 
the Optical Method of Afeasurement of Stress and Strain 
BvH F I Martin B So 

Deo 8th — ( arbonates f Glycol and ( lyoerol By W Maw 

An Investigation of Aromatic Arsenioals by the Btethod of 
Thermal Analysis By b Peat 

The effoot of 1 leotrioal Discharge n Bforoury Vapour By 
G E Stephenson 

1925 

Jan 2lHt The houndmg of Modem Science By Prof Irvine Masson 

heb 5th The Photo activation of Chlorine By W Taylor B bo 

The h oroe between two Blagnet se 1 Spheres By A Elliott 
B So GW Brydon B So and R Q I nnnon M A M So 

6th — The Inheritance of Prejudice By Prof A Meek D So 

17th On a Paraaite presumably producing halae hmger and Toe of 
Swedes By A W Bartlett M A M So 

A contribution to the Knowledge of the Biochemistry of 
ReopiratKm of the Plant Cell By M Thomas B A 

27th — Lebesgue Integration By D C Colbome M A 

Mar 9th — A redetermmation of the Atoouo Weight of Boron affording 
evidence of variation in the Isotope ratio for samples of diverse 
origin By Prof H V A Bnscoe DSc andP L Robinson 
MSo 

12th The Head Structures of a Permian Shark By Prof Hioklmg 
DSo 

» The Volcanic History of Southern Fife By D A Allen 

Ph D 

May 19th — Kaolmite bearing Nodules from the Newcastle Coal Measures '* 
By 8 Tomkeieff 
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THK CliYSTALIJSATION OF METALS. 

By I*R(>r Ckc’tl II Drsch, FUS, 

Departnirnt of Metallurffj UniverRity of Sheffield 

The fa(*t tlml all metnls are crystalline is of the 
greatest unportiinco for the consideration of their 
properties, for the manutaclurei as well as for the 
Bcienliflc investigator. Most metals and alloys are melted 
and allowed to solidify at s<ini6 stage in the process of 
manufacture, and the arrangement of the crystals deter- 
mines to a large extent the possibility of further treatment, 
such as forging or rolling The gionth of cr\Htals differs 
somewhat from that of salts, with which we are most 
familiar in the luborntory. A salt growing from solution 
under normal conditions has a fairl.v simple form, such 
us that ot a fube. <ictahcdion, or piism. thily under 
exceptional conditions ih complex branching observed. On 
the other hand, metnls usually grow h\ preference in the 
form of highly branched ci\stnls, known as dendrites, and 
the interlocking of these dendrites builds up the mass of 
an ingot. In the first stage of solidification, the branched 
crystals glow perpendicularly to the cooling surface of 
the mould, their longest axes being directed towards the 
interior, but at n later stage fresh nuclei make their 
appearance spoilt ane<msl,\ in the midst of the fluid mass, 
and new dendrites grow from them, the direction of 
the axes being detei mined by chance, so that no such 
regularity is found as in the outer layer of crystals. When 
the whole muss has liecome solid, the dendrites have grown 
so as to be in complete contact with one another They 
thus divide the ingot or casting into a large number of 
irregular polyhedra, but as these are in perfect contact 
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no stiucture can be seen on cutting through the mass. 
On etching surli u cut section with an acid or other 
reagent which attackH the metal, however, the structure 
is revealed. The reahoii is that the neighbouring poly- 
hedra, although chemically the same, difter in their 
orientation, that is, in the direction of their crystal axes 
relatively to the plane ot the section A crystal is not 
attacked b^ a solvent equally in all directions, but 
peuetiutiun occuis more reiulil^v along eeitain planes. 
Neighbouring polyhediu, oi (*iystal giaius us the> are 
usually called, aie tliiis attacked to an unequal extent, 
whilst the contui t of tno grams set<i up u difference of 
potential, so that the buundaiies aie often moie attacked 
than ibe mass. An exaniiDatioii under a high magnifica- 
tion shows that each elehed giain has become coveied with 
minute facets, and the vaiying dnwtion of these faceU, 
causing greater reflection in certain diiections, gives use 
to the chaiacteristic appeaiance ot an etched metallic 
surface. 

The boundaiies lietweeii the grams me delernuned by 
the meeting of neighboiiiuig dondfiteh, but there is some 
interest m examining the fonn oi those boundiuies. In 
a few in^tunces it is possible to ‘^epaiate the grams of an 
ingot. Oerlum hi asses, toi example, bieak up into their 
constituent giaiiis when ininieised in mercury, amalgama- 
tion iMTuning very readily along the boundaries. Such 
grams are found to be po]\liedia with ciuved fares, often 
pentagonal Tl was suggested by (Imiicke that just before 
solidification a liquid metal sepaiated into two immiscible 
liquid phases, which togethei foinied a foam, solidification 
then taking place within the foam rells. If this were so, 
the shape of the giains should lie the same ns that of the 
cells in an extende<l mass of soap foam. A statistical 
examination of a large number of foams and of several 
metals shows that such a resemblance does in fact exist. 
"Wlien the frequency of o(»currence of 3-, 4-, 6-, 6-, and 
7-Bided faces is plotted, (he two graphs fit one another 
almost perfectly. The maximum is at 6, that is, 
pentagonal faces are (he most common, the grains varying 
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about tbe pentagonal dodeeahedron as a mean This 
toim, even uilh (uivod i.ices, does not fill spate, so that 
odd cornels ha\i lo hi filled !>> snialJ fttiabedia and 
bexabedra Tbe tlnoietidil fuim oi I he poifect loam cell, 
Kelvin's tetrakaidecaludron, a 1-l-iaced figiiie with 8 
bexugonal and C> sqiuui faces, the edges of which are 
ruive<l, IS mit ohseivtd, eilbei lu oidiuai\ foams oi in 
metals, althougJ) Dewai has obtained il in single (bams 
of tells lu soup foiiiih 

It does not follow liom these ol)sei>atious that 
Quiutke\ supposition iscmiect, and then aie othei strong 
leasou^ foi htlieMiig that the sep nation into two licjuid 
phases is unhkelj II nm\, howL>ei, be concluded that 
the toim of the bouudaiies dttei mined h\ *-uTface 
tension, bill llie surface (ciibiou is pioba1>b tint between 
the giowin^j: (r>stal lud llu Iniuid, and not between two 
liquids fjittlo IS \et known of the suitace tension of 
solids but a tew exjxnmeiits an eiMl> made When a 
button of gold is molted and allowed (o sohdifv without 
(list 111 ham e, it mav otten foim a single (r\slal, but the 
snitue IS coinpleteK tounded Mic lose opicnl examination 
shn\s that it is wiinkled h\ the stiessLS set up during 
cont I action, the .ippearame being exactly that ot an 
amorphous mass, bu< li as gelatin thi etching with a(|ua 
regia, the ouioi skin is Teino%ed, and small octahedral 
facets appeal These mav take the form of sharp 
p\iani]ds t)n heiting to i Iniipeiainn ot bOO-TOfV’ C, 
far below the melting point of the metal, the sharp angles 
rtf the pMamids become loinided, and they ultimately 
flow down, giving once mote the smooth, glossy surface 
which WHS theie before edehmg Surface tension has 
thus determined the appearance rather than crystalRne 
cohesion Tt mav be supposed that the cohesion and the 
sniface tension both diminish as the temperature rises, 
but at unequal rates, so that at some temperature, still 
far below the melting point, the surface tension pre- 
dominates The experiment may be confirmed by 
examining the behaviour of minute crystals of gold, 
prepared bv chemn al means Under similar conditions, 



110 


they become rounded and ultimately iorm epherea at 
temperatures below the melting point As a guess, it ma\ 
be supposed that those metals whirh have the greatest 
surface tension m the liquid state a ill also have the 
greatest in the solid state and it is in fart found that 
metals of high suifaie tension, such is gold and rnpper 
are more apt tn form rounded dendrites when cT\stallising 
from alloys than metals of low surface tension such a« 
antimony On these lines an investigation of the process 
of crystallisation in metals is being conducted 
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AsHuniing toi the inoinent that theie axe two mole 
iulcs in the unit cell the dimcusionB of the cell can be 
calculated and aie found to be — 
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Tlie spuiing ot un\ set of crystal planes can now be 
(olculated 'ind coinpaicd with the \ ilue determined by 
X lay measurement 
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In the fourth and eijfhth columns the remark “ full 
means that the cuhniluted and observed values oi the 
crystal spacing ugiee The remark “ i means that the 
ulMerved value ot the cr^sial spacing is one half that of 
the calculated value. 

From these results it is seen that the crystal spacings 
calculated on the assumption that there are two molecules 
of oxalic acid m the unit cell ugn^e with the values ubtaintHl 
by experiment 9 with certain exceptions. These exceptions 
are the (010) plane and planes whose indices are of the 
form (hoi) where ih + J) is odd. Fiom consideration of 
these abnormal cases the relative positions of the molecules 
in the cell and the symmetry of the molecule can be 
deduced. 

It we place molecules, similarly oriented, at the corners 
ot the cell, then since each coiner is coniinou to eight 
similar cells, the total contribution to the cell by the mole- 
cules at each corner is one molecule The second molecule 
remains to be placed. It is seen that the (100), (010), (001) 
planes have each a \alue which is half that calculated 
from the dimensions of the c*ell given above. Each of these 
planes, then, must be intei leaved half way by a second 
set of planes, and it cun easily be leulihed that this can only 
be brought about if the second molecule occupies the centre 
of the cell. The molecules a1 comers and those at (entres 
of cells cannot be identical because in that case the crystal 
aggregate would be built up on the body centred lattice 
and any plane (hkl) such that A + ^ + f is even would give 
an experimental value for the crystal spacing one half that 
of the calculated value. This is not found to be the case 
in oxalic acid. The two molecules in the cell then must be 
different, their difference being, of course, simply one of 
orientation. For convenience we may call the molecules 
occupying the comers A molecules and those the centres 
6f cells B molecules. 

The relative positions of the A and B molecules have 
been determined and it now remaihs to determine the 
syhimetry of the molecule itself and the relative orienta* 
lions of the A’s and B’s. 
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That the molecule itbeli must posbeub some type of 
symmetry is obvious from the followin^ir argument. 
Monoclinic prismatic crystals, to which class oxalic acid 
belongs, are distinguished by the possebsioii of two sym- 
metry elements: (1) a plane of syinmetiy, reflexion across 
which brings the ciystal to selt coincidence; (2) and per- 
pendicular to this plane a digonal uxis ut syntinetiy, ruUi- 
tion of V about which brings the ciystal to self t oincidence. 
Since the unit cell is such that, on indefinite lepetition in 
space, it gives the actual crystal, then it follows that what- 
ever symmetry elements aie possessed by the mutual crystal 
must also be possessed by the unit <*ell. Now it a crystal, 
which possesses a plane of syiiiinetiY, only built up of 
asynimetrical units (nioleinles) then tno types of such 
units must be present, each being the lefleetHoi of the other 
aciuss the syninietiy plane. Siniilailv in (he case of a 
erystal pohsessiiig a single digouul axis, and built up of 
aHymnietrieal units, there must be piesent two types of 
molecule one of uhich is the rotation of the other tlirough 
V about that axis, Jn the cl ass of civsialh iindei discUbhion 
four types of asyiiinieti ical unit aie leipiiivd and this group 
of four placed at eu<'h point of one or other ot the mono- 
elinic lattices gives the aduul crystal struiduie. In such 
a case there would be foui molecules in the \init cell and 
since oxalic acid has only two mole^niles it follows that the 
oxalic ac*id molecule possesses some syinmetiy of its own 
which must be one of the syinmetry elements of the luono- 
clinio prismatic class: (1) a plane of nymmetry; (2) an 
digonal axis of symmetry, or (3) a centie of hvmmetiy. (A 
body has a centre of symmetry when reflexion across a 
plane, followed by a rotation through v about an axis 
perpendicular to the plane brings the body to self coin- 
cidence.) 

If we suppose the molecule of oxalic acid possesses a 
centre of symmetry, and the molecule of type 1) is obtained 
from type A by reflection across the symmetry plane a 
, Yuodel shows that the abnormal values of the spacings ot 
tho (010) and (hoi) planes when (A + 7) is odd are to be 
expected. The alternatives (1) and (2) iMd to different 
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conclusions. To sum up then oxulic aci«1 is built up from 
a unit roll of the following: dimensions: — 

a - 6-10 ) 

c= 12 08 ) 

^=*ac = 106^ 12' 

and contains two molecules, one at the corners and one at 
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(he (entie of euh (d] ihe molecule hab a centie of 

Bymmetiy Ihe space to whuh the crystal is refened 

18 ( J* Fig J (see Hilton l/iZ/t it i tl ( ry^dlognijJ j 
also Astbuiy md \ iidley PI il /ran Senes A, Vol 
224 pages 221 267 1924) 

Ammonium Oxal ate (NIl4)20iO4 H 0 
Rhombic bisphenoidal 

a 6 c = 7799 1 Sim 
Si>eci6c giHvity = 1 4b to 1 50 

\guiii issui nn^ that theu iie two nioleeules in the 
unit cell the dimensions oi the lell aic found to be — 
a=: 806 

h = 1034 ■ i 
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It is seen from (he abo\e tiblt that all the observed 
crystal spacingn igite with the vilues calculated on the 
‘issumptioD that tlieie aie t^o molecules m the umt cell 
with the exception of the (100) and (010) planes These 
planes have a spacing of half the calculated value This 
result indicates that 'immonium oxaHte is an example of 
the space group Q., (see Fig 1) The molecule of ammon* 
lum oxalate has a digonal i\ih coinciding with the crystal- 
lographic C axis The molecules iie arranged in the cell 
one at eacji comei and one atH;he centre of the (ODl) faces 
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Methyl Oxalate. (CHg)t 0ii04- 

Monoclinio PriBmatio. 

a :h :e » ’3320 : 1 : *5226. 

103“ 22' 

Specific gravity * 1’46. Cleavage (010) perfect. 

The diiuensioUB of the unit cell are calculated to be: — 

a =s 3*93 » 

6=11-84 I A 

c- 617 I 

j8 = 103^22'. 

if we suppuBti that theie aie two iiioleculeB in the cell. 
X*ray aualyBiB showb that the calculated and observed 
values oi the crystal spacings are in agreement with the 
single exception ol the (010) plane which has a spacing 
half the calculated value. This indicates (see Astbury 
and Yardley, /*hil. Trant. quoted above), that methyl 
oxalate is an example of the space group Oj* (see Fig. 2). 

Since there me only two molecules in the unit cell, 
the molecule must have some symmetry of its own, and 
reference to Fig. 2 Hh()W.s that this must be either (1) a 
plane or (2) u centre ot Kymmetry. The second molecule 
is half-way along the h edges of the cell. 

In the above work a Bragg ionisation spectrometer 
was used and the X radiation, that of the rhodium 
Ea, line (A = -616 A). The work was carried oat 
partly at Univei-Hity College, Tjondon, and at the Royal 
Institution. In conclusion the author wishes to express 
his indebtedness to the Research Committee of Armstrong 
Gollego for financial assistance and to Sir William Bragg 
for his never failing interest and kindly encouragement. 



THE EXAMINATION UF X-llAYS BY THE METHOD 
OF CLOUD.PHOTOORAPHY. 


Bj OKEBLL M So. 

(71oud-phulugruplia ot tiarka ol ionising particles ejected 
X-ru>i» firbt obtained 'b> C. T. It. Wilson* provided 
very couviu(dug evidence as to the real nature ot the 
process ot ionisation of gases by X-rays. They afforded 
direct and absolute pioot of the suggestion previously 
made hy W. H. Bragg that the whole ot the ionisation 
by X-rays may be regaided us being due to )9-iayfi 
arifliug from the X-ra^**, the X-ruj-^ liemg effective in 
liberating corpus(des each with energy butficient to enable 
It to produce a large nunibet of inns along its (uurse. The 
results of bubsequeiit investigatioiih on X-iu^s by the 
cloud-method tonu the subject ut a paper published in 
The use of u steieosi'opic cainerii in this latter 
work made it possible to \isualise (he tracks three- 
dimensionall^ and evumine them with respect to origin, 
initial direction, lauge, torm and ionisation. Such 
examination eluiied a nuinlier of teutures c<»iisonant with 
modern concepts of atomic structure and with the quantum 
theory of radiation. In the furthei development of the 
subject attention has (>een paid almost entirely to the 
examination of initial direction of ejection of the 
particles Wilson had already intimated the existence 
of two tyiiea of asymmetry of initial direction. One is 
characterised by an excess of tracks having their initial 
portions in or near the plane containing the X-ray pencil 
and its electric vector (lateral asymmetry), the other by 
an excess of tracks having a forward component in their 
initial velotdties (longitudinal asymmetry). The former 
reveals the partial polarisation of the primary beam, the 

* Prve. Boy. Soe. A., VoL 86 (1911), Vol 87 (19110* 

■ Prw. Bey. Sw. A , Vol. 10* (®18>. 
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prepouderauce of primal j X-rays whose electric vector is 
iu the plane coatuiuiu^^ the cathode-stream. The latter 
has been acoouuted for qualitatively on the basis of 
Richardson's hypothesis that the alisoiption of u quantum 
hv of euer^^y iu aec'ompauied by the truuatereuce of the 
momentum of the absorbed radiation rauHing a resultant 
motion ni the forward direc*tion.^ Making additional 
rather aibitrary tissiuiiptiouB h\ W. Uubb^ uud 1*. Auger^ 
have denved cerlani quantitative lelutioiis which may be 
expected to hohl 

In experimental work h\ \\\ Bubb,* t), K. de Foe/ 
D. H . lioughiidge*' and F. Kin*hner have, like 'Wilson, 
adopted stereoscopic plioioKrupliy , In longitudinal 
asymmetry in\eMt]gatioiis the “ mean-axis ” of the 
stereu-cuinera lenses was diiecUMl at iight-augles to the 
X-iav jwnril and in lateral asymmetry inveHtigations 
parallel to it. 

The author bus drawn iitteiitioii to the difficulty of 
useertaiuing initial directions of tiacks coirectly by the 
above stereoscopic proceduie/ It appeared that by 
replacing stereo-photogiaphy by photography in two 
directions at right-angles much greater piecision in the 
determination of forms und initial direcdions of tracks 
would be attained. Further, such photography would 
eliminate two other difficulties inherent to stereoscopic 
examinatiou of lateral asymmetry in which the photo- 
graphs are taken end-oii to the beam Tracks would bo 
formed across the coinplefe width of the chamber (20 cms. 
say) and it is imiKissible for all to he sharply focussed. 
Also, even m the absence of this difficulty overlapping 
and confusion are inevitable. In ** right-angle ** photo- 
graphy two separate cameras could be disposed so that 
their lenh-axes and the X-ray pencil were mutually 
]>erpendicular. The photographs so obtained would be free 
from both the above defects whilst lateral asymmetry 

* “ Electron Theory of Matter/* p 486 

* Phit Mag.t 40, May, 1025 ' Compteg HenduM, June 8, 1II85 

* Phy$, Bev., 23 Feb , 1024. * Phtl. Mag , 40, May, 1025 

* Phgg. B«v , Dec., 3026. ' Nature, Sept. 11, 1026. 
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would still be amenablo to examinatioa and that with 
increased precision. 

Thkokt. 

With ori> 7 in () 1) take reclanffular axes of 

co-ordinates, Or alon^ tho X-ray pencil, Ojy parallel to 
the hoiis5(mtal camera axis and on the same side of Ox 
as the camera, O; parallel to the vertical camera axis. 



The disposition of the X-ray lube was auoh that the 
electric vector we« parallel to 

Let OP be initial direction of track and Op»„ 
the projections as shown. Call angles XOp^^ TOpy» ZOpo, 
Pox, a, )8, y, respectively. 

The projections Opj„ Op«, are photographed by th« 
vertical and horieontal camera respectively. The angles 
a and /3 are measured by means of a low^power micro 
scope having vertical niotionB^nd vernier scales. 
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The angle whone statistical value gives a measure of 
lateral asymmetry is then given by y » tan*^ (cot a • cot fi). 

giving a measure of longitudinal asymmetry is given 
by 

r tan n 

^ L 1 + tan*a tan*/i J ' 

It 18 possible to obtain the three co-ordinates of any 
point on a track and, therefore, the true path of the 
/3-pariiole in its flight through space can be determined. 

KxrGRlM£NT\L PjtOCEDrBK. 

In essentials the apparatus and method are as used by 
Wilson.^ The expansion apparatus is of the Wilson type 
though rather larger than that described by him, the 
diameter of the expaiiHiou-rhambei being 20 cms. The 
oylindri(*al wall is of thin glass producing negligible 
distortion of the tiuek-photographs. In it are three holes, 
two at opposite ends ot a diameter and the other mid-way 
lieiueen. One, thiough which the X-ray pencil is admitted 
diunietii(*ully alter passage through a lead colliniaior, is 
closed by celluloid. Through the opposite one a pin may 
be admitted for focussing and leterence purposes. Through 
the third bole guse** other than air may be admitted. 
The Wimshurst machine has sixteen f3-foot diameter plates 
and is diiven by a motor. The Leyden jar battery for the 
production of the illuminating spark has a capacity of 
about 06 iincrofumd. The niercury-lanip consists of o tube 
of Durosil glass bent twice at right-angles and is of 
elliptical cross-section the major axis and length being 
parallel to a cylindrical lens and at a distance from it equal 
to its focal length, viz,, 8 cms. The matched lenses of the 
cameras are Beck Isostigmar, Series II., No. 8, of focal ’ 
length 4t inches, angle 7(P and intensity-ratio variable 
from //6'8 to //32. The cameras are rigidly supported, 
their axes being vertical and horizontal respectively and 
both at right-angles to the X-ray pencil. They are fixed 
at such a distance from the X-ray pencil as to give 
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photographs of unit magnification The photograph 
(Fig 2) uhoae the cloud r ham bei cimerae and mercury- 
lamp in position The X riy tube inside a lead screened 
box 18 so placed that the rithode stream ih horirontal * 
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It WB8 found (U8 had been anticipated) that whilst 
ample light uas scitteied foinnrds giving good records 
in the horicontal camera so little was scattered at right 
angles, that is vertically that the tracks were not recorded 
on the negative in the vertical camera This difficnlt> 
was overcome by causing the light incident on the tracln 
to pass in a diiection bisecting the angle between the latuh 
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axes. For this purpose a total refleotin^ prism 7'5 oms. 
long:, y 5 eins. hypotenuse, tiiounteil in a metal tray was 
fixed to the piston floor of tlie chnmber ui the appropriate 
position with respect to the mercury-lamp and the X-ray 
pencil (Fiff M). (heviees weie closed with wax and gelatine 
t-o obviate convection currents. Condensation on the prism 
was reduced hy coating it with transparent gelatine. 




> < 

V < 

> < 

> < 

J 

Era 




Photographs ho obtained were of Mttisfactory and approxi- 
mately equal density. 

The three ** events ” of the method, expansion, X-ray 
flash, illuminating spark, were caused to occur in rapid 
succession with the correct time intervals by a falling ball 
and spark-gap arrangement (Fig. 2). To obtain tracks 
of satisfactory sharpness over their whole lengths the 
necessary precautions were taken. 
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ItKSULTS. 

Ab a preliminary test of the luothod the angles a and 
have been laeabuied in the cases of twenty-eight tracks 
occurring in four paiis ol photogiaphs and the corres- 
ponding values of y and ^ deduoeil. 

The complements of y (the angles between the plane 
containing the X-ia^ pencil and eleidnc \ector and the 
plane containing the pencil uud the initial directions of 
ejection of jS-pai tides) are as follows • 

2, 3, 3, 4. 6, S, 8, 9, 10, HI, 38. 21, 22, 23, 29, 33. 34, 
37, 39, 41, 48, W, 02, OG, 70. 77, 90, 90 degiees. 66 per 
cent, of these values aic between 0° and 30°, 20 7 per cent, 
between 30° and 00° and 17 8 per cent, between 60° and 
90°. A marked tendency foi jS-pai tides to be ejected in 
or near the plane containing the <*athodo stream is thus 
indicated (lateiul asymmetry) uud accords with the 
classical theory of the partial polarisation of X-rays. 

Nineteen /J-particles have initial forward motion as 
agamst nine having initial backward motion (longitudinal 
asymmetry), 

The values of 6 are as follow^s : 

19, 23, 27, 47, 48. 48, 49. 61, 61, 63, 53, 63, 64, 66, 
07, 74, 76, 77, 84, 92, 97, 113. 116, 127. 134, 137, 139, 
146 degrees Sixteen of the twenty-eight /3-particles were 
thus ejected within the angle ^ 46" to 90°. Apparently 
under the conditions of these experiments in which the 
X-rays were heterogeneous and the gas in the chamber 
moist air, a most probable value of ^ exists between 45° 
and 90^. Ti is to be expected that, using homogeneous 
X-rays and single gases the most probable values of 
say, would depend on the wave-length of the radiation 
and on the nature of the gases. From statistical observa- 
tions on a sufficiently large number of tracks produced by 
homogeneous X-rays in moist, but otherwise single, gases 
the effect on of varying X-ray wave-length and the 
gas independently should be possible and of considerable 
interest. 

These two eo-existent asymmetrical phenomena gain 

10 
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interest from the fact that whereas one is best explained 
on the classical theory oi radiation the other seems to be 
a dehmte quantum effect. If we abandon classical 
considerations and attempt to explain lateral asymmetry 
on the basis of the quantum theoi> we mubl regard 
the quantum bundle of energy ’* as having definite 
usyinniotrical directional properties for it appeors to 
impart its hv energy to an orbital electron in a direction 
always at right-angles to its direction of motion and in a 
definite plane, namely, that containing the cathode-stream. 
Both asymmetries are diluted as a result of the 
momenta of the electrons in their atomic orbits. 

In conclusion. I wish to record my indebtedness to 
Mr, A, F. Blaylock, M.Sc., for his very valuable help in 
the practical procedure involved in these experiments and 
to Professors Stroud and Todd for their interest and 
encouragement in the work. A portion of the apparatus 
has been purchased by means of a grant made by the 
Royal Society. 



NOTE ON THE BENDING OF STRUTS OF VARYING 
CROSS-SECTION, 

By J. A WiLOKVN, B So., Ph.D. 

Euler’s Theory of a strut ot column acted on by a force 
in axial direction has been the subject of much controversy 
since it first appeared in the Memoirs of the Berlin Academy 
of 1759, and various alternatives have been ofiered, of an 
empirical or speculative order It would appear, however, 
that within the laujrc of approximation implied in the 
assumptions, and these are clearly defined and of the order 
usual in engineetinfc, the formula leaves little room for 
improvement, and no further justification is offered for 
making it the basis ni the present investigation, 

A more or less complete bibliogiaphy of the subject will 
be found in Todhunter and Pearson’s Ht^tory of th$ Theory of 
Elaoiitity^ and, for newer woik, moie modern Treatises on 
Strength of Materials, such as Cmo'n (Arnold, London, 1925). 

We consider a strut of length /, simply supported at both 
ends and axially loaded with a force P. Assuming the 
deflections y to be small, so small that the curvature of 

the neutral axis may be written and neglecting the 

shortening of the strut by bending and compression, we 
establish the equation of bending moment at any poiniy w 
from one end, in the form 

EI0 + P!/-O, ... . (1) 

•abject to the boandary coaditions as inferred from the 
mode of support, 

,/* «“ y/* ■= 0 (2) 

I being the moment of inertui of the cross section at tt, 
and B the modolas. 



126 


When I 19 variable, the nolution to the fundamental 
equation (1) can be obtained in finite form in two cases, 
namely when 

P/EI = (a+/8x)'* , . (3) 

and when 

P/EI = (a + /9x)-> (4) 

The first form is seen to cover the case of a strut of 
square or circular cross-section with a linear variation of 
side or radius {''straif^ht taper”), but it is easily extended 
to more general forms such as cross-soctions consisting of 
two or four members (plates or angle-irons) symmetrically 
placed with respect to a principal axis, by writing the 
moment of inertia 

I - lo + f-S. 

Where L is the moment of inertia of the individual 
members with respect to an axis through their centroid, vS 
the total area and ^ the distance from the centroids to the 
principal axis. The last term usually predominates in 
lattice-braced columns. 

The second form corresponds to a linear variation of 
area, or a bulging (parabolic) outline. 

1 . Straight Taper Columne. 

Writing the fundamental equation 

+ (5) 

we are led to try a solution in the form 

( 6 ) 

where ^ and are real differentiable functions of x, which 
on substituting in (6) and separating real and imaginary 
quantities are found subject to the conditions 



const. 


( 8 ) 
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The first of these equations is obviously satisfied by 
taking 

ir SB kdx 

provided that 

dx* 


and this confotrns with 

</» = (a + ^^r) 

A* = const {a + fix) ^ 

leading to 

^|,s={af3^|^x) 1 


Our solution may then bo written 

y *(a + ^jr) + Be + 

or^ in tngonometiic form, 

V =iO(a + /?x) Sin {(a^ + ZE^x)-*-^} (9) 

The first of the boundary (onditions (2) now gives 

e^ljaP 

and, including the minus sign in the constant G, we may 
therefore write 

y = c^a 4 - Px) sin {x/o(a + Px)} (10) 
The second boundary condition requires 

C(a + pi) sin {l/a(a ^ pi)) ss Q (11) 

and, excluding the tiivial case CanO, corresponding to 
an unbent column (in unstable u]uiiibiium foi sufficiently 
large loads), and also the case a + pi ^0 which has no 
practical application, making the value of yP mdeteiminate, 
we can satisfy the equation (II > only by such values as render 

I/a(a + pi) mM Itta- 

m being any integer With the usual definition of the 
crippling load Pi, corresponding to m 1, and substituting 
the values as obtained from (3). 

a« VEIT? 
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where Ii denote the extreme momenta of inertia, we have 

.... ( 12 ) 

Heme, the inpphnt) load of a straight tapered column 
ts determined hy the geometric mean of the t\ro ejttreme 
momtnis of inertia 

The deflection at any point can be wiitten 

ywconat. X VIsin («\/P/En/I3) . (18) 

and the maximum deflection determined by differentiation, 
from equation (10), leading to a transcendental equation 

tan {x/a(a + Px)) -= - {p{a + px)}-^ . . (14) 

of the type first discussed by Fourier, and solved by succes- 
sive approximations 

2. Para&olio OolumM^ 

When the fundamental equation is of the type 

^ + {<» + <■ 0 ( 16 ) 

we attempt a solution in the form 

y ss (a -f jSas)" 

and find on substituting in (16), as a conditional equation 
for m, 

/3*m(in — 1) + 1= 0 

m - 1/2 ± 

«i 1/2 ± 

denoting = ... (16) 

The solution may thus be written 

y * («+/3*)* (17) 

Oonsider first the case /S' < 4, that is /* real, and write the 
equation (17) in trigonometric form, making the substitu- 
tion, 

(o+/8a!)±*>‘««±»Mlog(a + e*) .... (18) 

thus obtaining 

V »BC(a + /lx)* sin {ft log (a + fiat) — 9) (19) 
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The first ( f our boundary conditions (2) determines 
6 — /* log a 

and so the deflec iiou becomes 

V = ( (a+j8ajVsin{/A log (I + (20) 

The second boundoiy condition is as us lal satisfied by 
( 0=0 and by a + /SI = o but excluding these two cases which 
are of no interest we must have 

/slogd + = wr ( 81 ) 

m being any integer Iho crippling load P is therefore 
determined by 

/*l0g(l+^/tt) - TT 

and from (4) we now obtain writing as above L and Ii for 
the extreme values 

s/ET/P 

a + /8I* s/EI/P 
1 + j8l/a» v'r/T 

/J-=yVE/P(VI 

and thus 

/* - vr* j 

- -1 ( 23 ) 

Substituting these values above we find for the crippling 
load after reduction 

P ^fE/P)(>/I "V'lo)-{(ir/logN/l/Io)- + l} (24) 
The deilection at any point ran then be written 

y SB cV I sm (/* log Vl/i« ) (26) 

It remains to examine the case of 4 The solution to 
the fundamental equation (16) is then in oxpum utial form 
with real indices 01 involving hyperbolic functions and 
therefoie has only one rero point for finite values of the 
arbitraiy constant It is therefore not possible to fit both 
tj^undaiy conditions except foracolumn remaining straight 
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and thus bending is in this case impossible. The condition 
is expressed in terms of the constants of the column, and the 
load as follows, 

v/io)*>4 

or after reduction, 

P<{EIo/4P) {s/ljh- ly . (26) 

This equation, therefore, provides u least value of the load, 
below which the column can not be adequately treated on 
the lines of Euler’s Theory 

Comparing our results as given in equations (12) and (24) 
with the value of the crippling load that obtains for a uni- 
form cross-section, L = 1|, it is seen at once, that >»hen the 
taper of the straight tapered column becomes vanishingly 
small, as when l\ approaches lu, the iormula (12) becomes 
identical with Euler’s classical value. 

In the cose of a parabolic column, when li becomes equal 
to lo we must have = 0 since otherwise the cross-section 
would vanish at the middle. If we now write 

s/It= s/Io(l + V) 

V being a small, ultimately vanishing quantity, and sub- 
stitute in (24), we find 

Pi = (E/l»){v-loW log* (1 + ^) + >/*Io/4} (27) 

And so, since in the limit 

tfi log(l + y) 1, 
line Pi fl’‘EI«/ 1*. 



SOME EUKTHEll POINTS IN CONNECTION WITH 
THE THEOKY OE ROWING. 


fij F U ALucANiiiut, M Sc , M Inst N A. 

A iormer paper entitled “ The Theory of Rowing ” 
gave the teeults ut inveetigalioiia into the speeds of move- 
ment of boat, (lew, and oais, duiing Ihe performance of a 
stroke, in (he ease ot a lacing eight. The present paper 
gives the leHults of investigations mainly intended to 
deteiinine the latio of uselul to total expenditure of 
energy by the oarsman. 

It is, however, desn.'ible, in the first place, to correct 
an error which appealed in the earliei paper. The 
pressures upon (he oai blade were computed by using the 
speed (V() normal to blade axis, and shown in Fig. G of 
that paper None of the ( iilics of the paper seemed to 
have noticed (he error of method, but lU recognition haa 
led to correction of the euiliei calculations in several 
particulars. 

Fig. 1, given heie, is intended to leplace the original 
Fig. 6, and shows an additional line (Va) os well as a 
rearrangement of the otheis (¥«) represents, in direction 
and magnitude, the speed of appiouch between the water 
and the element of blade under (consideration. The 
pressures upon ihe blade should be computed upon the 
speed (Yg), and the angle (a) which it makes with the blade 
surface. 

Amendment of the calculations upon this basis, shows 
that the time takon in performing the stroke should be 
much less than that stated in the earlier paper. Fig. 2 
is now given to illustrate the speeds (concerned in a stroke 
which is believed to be more in accordance with actual 
practice. 

There are five periods concerned in the complete move- 
ment ot the oar. (ab) lastii^r 0 019 sec. is spent in air 
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while ucceleiatiag’ and dropping, (be) lusting 0'020 sec. 
is used for entry. During (cfl) lasting 0 482 sec., the oar 
blade is fully covered and doing its full work. Extraction 
is performed during 0 014 sec. (de), and (ef) lasting 0*016 
sec. is spent in air while the oar is brought to rest. 

The oar is perfoiming propulsive work from (b) to (e) 
during 0*616 see, ; and this may be defined as the “ stroke ” 



proper, as the times spent in air are usually included in 
** run." 

The total angular sweep of the oar, in relation to the 
thole pin, is 80®, of which 60® is swept through from rest 
to the thwartship position (p), and this takes about two- 
thirds of the time. An examination of cinematograph 
films confirms this time ratio. The angular movements in 
air are very small, being 0*66® at beginning and 0-6T® at 
finish. It is possible that a slightly earlier entry of the 
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blade tip (ctiUbiiif^ a small back bpiusb), would be an 
advantage. I am infotiued that some coaches aim at 
obtaining the splash as an indication oi a quick 
beginning.” 

The late Ot striking is 86 to the minute thus allowing 
1 716 sees foi stroke und lun together If time in air is all 
included in lun, the latio ol lun to stioke becomes 2 33 



which is much more in accoi dance with the usual rhythm 
than the \alue obtained in the eailier paper. 

Since that papei was lead before this Society, the 
Oxfoid Univeisit^ I’less has published Ur. Bourne’s 
” Textbook of Onismunsbip,** in uhich there is much 
suggestive lefereiue to theoiy, an well as the most com- 
plete exposition of the anatomical side of the oarsman’s 
art that has evei been published. Dr Bourne lays great 
eiuphasia on the inipoitance of ** stroke diagrams ” in the 
study of oar movements, and I fully agree with him* 
Some of bis stroke diagianis Were obtained after careful 
study of the movements of a model oar operated in fine 
sandy so that its paths might be traced and observed at 
leisure in a manner inipossible in the case of water. His 
insistence upon the fair oi smooth character of the curve ^ 
of turning points is useful in the detection of the faults 
revealed by a diagram. 
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Fig. 3 bkowH the stroke diagram '' associated with 
the speedb given in Fig. 2 ; and Fig. 4 shows the curve of 
turning points, ('onsideiation oi the lelutionship between 
Fig. 3 and Fig 4 has led to an interesting and useful 
discovery. 

If, in Fig. 2, an iiibtant ot time (A) is chosen then (AO) 
represents the speed of tip of blade noiinal to axis, and if 
the length oi oui outboaid is (/) ieet, any intermediate 
speed su(*1i as (AH) is that of a point on the oar axis at a 



( Afi \ 

AC ^ from the tholo piu. Now at (B) the 

speed oi the oar touaids the water is the same as that of 
the watei away fiom the oai, so that they are relatively at 
rest; there is no slip. 

( AB \ 

AX? ^ y 

point so given estublishes the turning point at the instant 
cousideied. The curve ot turning points so obtained 
constitutes an accurate cheek upon the correctness of Fig. 
3; but the most useful feature of the relationship is to be 
found in that it enables a diagram of speeds of movement, 
such as Fig. 2 , to be derived from a photogiaphed stroke 
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diagram, such as Fig. Tt is hoped io get some films of 
strokes viewed fioin above during the coming rowing 
season. 

Before leaving Kig it may be pointed out that the 
direction indicated by (V„) in Fig. 1 is tangent to the 
locus of moveiuent of the element concerned ; so that, for 
instance, the dotted line shouing the movement ot oar tip 
in Fig. B would ha^e as tangent at any given instant, the 
(Vo) appropriate to the tip at that instant; and (Vo) would 
be constructed from the values of (,V,) and (V,iJ, derived 
fiom the coirespniiding Fig. 2 

11 may be of intere&t to locord that the resistance of the 
boat, used in the 1921 calculations, was estimated to he 
84 lbs. including wind lesistance upon the ciew, and 77 Ihs. 
excluding that resistance, when the speed was 17 ft. sec. 
No experimental data luid been published, at that time, 
with regard to the lesi^^tance ot such long narrow bouts, 
and thus the whole ot the calculations and results, then 
given, depended upon the leasonnble accuracy of an esti- 
mate made upon very slendei information In 1922, 
however, Sir John E Thoineycioft had some towing 
evperimenta made upon models of racing eights for Dr. 
Bourne, and the deduced resistances for the corresponding 
full-sized boats are given on page 221 of Dr. Boume^s 
book. It is there seen that the resistances of three different 
tvpes of boat vary finni 72 Ihs. to 77 lbs. at a speed of 
17 ft. sec. It may be claimed, therefore, that the basis of 
the former numencBl work was substantially in accord- 
ance with actual conditions in fine weather. 

In stating the mechanical efficiency of rowing it is 
necessary to be clear ns to what the ratio relates to. We 
may consider: (a) (he effective propulsive work; (b) the 
work done during stroke onlv at the oar handle; (c) the 
total work done hv the oarsman upon his own body as well 
as upon the oar, during both stroke and mn It is evident 

that the ratio ( ^ than the ratio ^ Again, if we 

take into acootint the speeds of expenditure of energy, we 
may state efficiencies in terms of power rather than of work. 
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For the purpose of this paper, it is proposed to state the 
efKnencies in terms of work, and to illustrate * their 
determination by a numerical example, relating to the case 
already used. 

Assume a mean sustained speed of 17 ft. sec., and that 
conditions oi yriiid and water cause the mean resistance 
against the boat to be 90 lbs. The distance covered in one 
minute is feet and therefore the effective propulsive 

woik doue against resistance is 91,800 ft. lbs. Each 
member of the crew has, as his share, 11,475 ft. lbs., and, 
at 85 strokes per minute, the effective work done is 
328 ft. lbs. per stroke per man. 

The distance moved by the boat while the blades are in 
the water is 7 60 feet, therefore the mean effective pressure 
328 

on each blade is « 48*2 lbs. in a fore-and-aft direction 

As the blade moves outward and inward during stroke as 
well as fore-and-aft, the 43 2 lbs. is a component of the 
larger pressure normal to the oar axis. This mean normal 
pressure is 49 5 lbs. The leverage ratio of the oar is 2*4, so 
that the mean force exerted on the oar handle, normal to 
axis, is 24 x 49'5=;118'8 lbs. It may be stated that the 
maximum force is 169 lbs. The distance moved by the 
centre of effort of the hands is 4*46 feet, and therefore the 
work performed upon the oar is 4*46x118 8 lbs. = 630 ft. 
lbs. Thus we may state the efficiency of the stroke itself 

to be the ratio ^ ■■ ■■ 0*62. It is interesting to find 

that this ratio closely corresponds with that given by 
mechanical means of propulsion such as paddles and 
screws. 

Now it is not possible to estimate the relative efficiencies 
of varying styles of rowing, and rates of striking, unless 
one takes into account the large amount of what may be 
termed unproductive ” work employed during both 
stroke and run. This work is due to the forces necessary 
for accelerating and retarding the bodies of the crew and 
their oars, and for meeting resistances to their movements. 
JFot equal distances moved, the velocities vary as the rate 
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of striking, and the aeoelerations and accompanying forces 
vary aa the square of the rate of striking. Powers 
expended var^^ as the cube ot the rate of striking. 

Ill the example we uie consideiing, it has been calcu- 
lated that tin unpiYKluctive work, done during stroke and 
run combined, is just 5ii0 ft. lbs., of which almost five-sixths 
is concerned uitli stioke. Thus, at 35 strokes per minute, 
the unproductive woik is equal to the productive work, and 
the efficiency ratio may, from this point ot view, he stated 
/o\ 328 

as y-j ■= jggjj =* *31. It is debatable how far this efficiency 

ratio may be fairly used for comparison with mechanical 
propulsion, but it is of interest to express the cffotts of the 
crew in terms of horse-power. 

It is evident that the rate ot expenditure of energy is 
much higher during stroke than during run owing to the 
more i^pid movements, and it is found that, including 
the unproductive work, en<di man develops no less than 3^ 
hoi*se-power for the short period of about half-a-second 
while making the stroke. During the longer period of run, 

the horse-power is only about For a complete minute 

ot rowing the average horse-power is nearly 1^, and the 
crew therefore develop 10 horse-power. 

The 91,800 ft. lbs., already refeited to as work due to 
resistance, represents 2 78 horse-power, and this means 
that a motor of about 4^ horse-power should be sufficient 
to maintain the boat at a speed of 17 ft, sec. or nearly 10 
knots. 

With regard to the horse-power developed by oarsmen, 
some interesting experiments were conducted by Dr. 
Yendall Henderson at Yale University, and, as these were 
carried out from an entirely different point of view, I may 
make a few brief quotations from en account of them which 
came into my hands. 

'' The Yale men, when racing, breathed from 60 to 70 

litres of air a minute ” it follows that the Yale 

men---a|id, no doubt, the members of the Oxford and 
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Cambridge eights — are capable of averaging 1 J hor«e-poTrer 
each (luiing u four-mile lace/' This would mean 12 horse- 
power foi the <*rew , and appearb to indicate that there are* 
certain souices of expenditnie of eneigy, some of them 
probably physiological, which aie not taken account of in 
iny analysis of the mechanical problem. And, to this it 
must be added, that the stroke to which my numerical 
values relate is not put foiwaid ns an example of the best 
or strongest rowing. Longer and more powerful strokes 
uie rowed by many oarsmen, and, during parts of a race, a 
higbei late of striking is associated with these strokes, so 
that the development of H horse-powei by an oarsman 
seems leasonable. It is probable that the work done at the 
oar handle, during stjoke, fmpienlly exceeds 600 ft. lbs. 
in the case of a fiist-class man. 

It was pointed out, in the earlier paper, that, the drop 
m speed of boat duiing stroke, is actually an assistance to 
the oaisman, in that it allows him to get the necessary 
thiust with less speed of oar. and piolongs the time during 
which he gives the boat aci eleration. It has been sug- 
gested that the djop in speed can l>e completely counter- 
acied bv the a( ( eleratimi, it the oai blades aie got to work 
soon enoiif>h. Tins is, howevei, fallacious, because only 
pnit oi the picssuie on the stietchei is balanced by pres- 
sure on the thole pin; there still remains the sternward 
pressiiip needed tor acciderating the oaisman himself. 

It has frequently been urged that the wide angles, used 
in England at comnieiH^ement and finish of stroke, are 
detrimental to efficiency, as the thwaitship <*omponentn of 
force are then so gieut. Now' it is not possible to get rid 
of the periods of ntreleiution and i etnidatioii, and the 
wider apart these jieriods are, the gi*eater is the angular 
sweep of the oar when full work is lieing done, and the 
blade being pulled through as fast as it will go. There is 
inevitably a loss of some eflfertive work, and of the result- 
ing acceleration given by the stroke. The rate of striking 
must therefore be increased, and this leads to such an 
increase of expended energy, as is likely to counterbalance 
any possible gain. It appears as if the amplitude of stroke 
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should be determined, for each oarsman, hy his anatomical 
ability to perfoim it with sufficient ease and lapidity 
lieturning to the subject of unpioductive work, it is 
possible to explain theieby the reasons why buoketiing and 
the rowing of lapid strokes ln^olve a highei expenditure of 
energy than the long stroke and low rate of striking, 
usually advocated in this countiy It two boats are pro- 
ceeding at the same speed, but one <iew is striking at 36 
and the other crew a1 40 to the minute the latter may save 
in productive energy per stioke, but will not save any in 
the minute Of unproductive energy, however, the faster 
rate of sinking will require nearly *10 per cent additional 
pel stioke, and nearly 50 per rent additional in the 
minute , assuming that the length of stioke, and of sliding, 
are the same in both cases 

Through the kindness of Di Bourne w ith whom I have 
had much correspondence, and of the respective Presidents 
of the Pnndsitx Bo it ( luhs 102() "Vr C E Pitman 
(O U B r ), and Mr G H Ambler (C F B f ), I have at 
piesent, on loan, some of the cinematograph films of the 
University Trews it practice I ha\e spent % good deal of 
time in taking measuiements fiom the films, under a 
microscope, with a view to anslysis of the movements of 
crews and boats So far as I have had time to deal with the 
measurements already taken there appe'irs to be strong 
confirmation of the principles and calculations put for- 
ward in the two papers T hs'ie had the honour of reading 
to this Society 
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GEOLOGICAL AND PEIROLOGICAL STUDIES OF 
THE CALTON HILL (DERBYSHIKE) A OLCANICS 


By B Tomuixrr 

The massive white Carbomfemus limestone of Derby 
shire contains many lelios cl ano ent \oIcanoes including 
\ )h mi ne(ks la\a flews tnd intrusive masses Of such 
Calt n Hill (neai Huxten) s t typical example Its 
somewhat complex stiiutiu is levelled in the sectnn of 
the road metal quarry Ihere we see stratified tuffs and 
agglomerates forming the volcanic cone and \esicular 
decomposed lava invaded bv an intrusne fresh analcite 
basalt The invading basalt tore off and incorporated 
large masses of the lava and also penetrated between the 
lava and the underlying tuffs 

All the locks composing this complex together with 
some rocks from the immediate vicinity have been 
8ub]erted to a detailed chemical and microscopical study 
Then pnncipal features are as follows 

Ihe tuffs and agglomerates are composed of fragments 
of aesiciilar lava (probably belonging to the lower lava 
flow) and limestone embedded in a finegrained pyro 
clastic mateiial 

The lav*i ftoadstone) is highly decomposed and the 
vesicles aie filled up with a finely (lyhialline chlorite 
(Delessite) similar to that found in many othei outcrops 
of the lava ^ The lava of Calton Hill resembles the 
spihtic lava of Miller s Dale and probably lepresents an 
alkaline differentiate of the main mass of the erupted 
magma 

The fresh analcite-basalt of Calton Hill is characterised 
by numerous inclusions of angular fragments of pendotite 
olivine nodules ) A comparison of ohemu al analyses 

* 9 I Tomkeieff On some Chlontio Minsrals aiwoeiatsd wilk 
the Bsesltic Carbooiferons Rocks of Derbyidiire Min 4fs0esfM« 
im XXI No 114 p 78 
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auggesta that this pendotite ih a pioduct of ciyatalhaation- 
difCerentiation m the magmatic reservoir of the mam body 
of the magma This heavy magnesian differentiate 
piobably ciystallised undei plutona conditions in the 
vole ani( vent and h as subsequently broken up and 
imoipoiated into the malrite basalt in foim of imlusiona 
besides pendotite inclusions this basilt contains 
numerous spherules of analoite Chemical analysis of this 
basalt show that it is a normal sub alkaline basalt, 
and it IS possible that the origin of analcite can be 
explained bv the syntectic differentiation hypothesis of 
B Dal> This supposes that the intruded basaltic magma 
xbhoibed a small amount oi lime which led to the 
desihoation of the residual liquor and subsequently to the 
production of analc ite the latter separating out in the form 
of (*olloidal globules 

The volt anio hutor^ of the Calton TIill complex can be 
divided into two peiiods 

In the first or Frtru^ive phase the volcanic cone was 
formed and submaiine eruption of lava took place 

In the second m Intrude phase the basalt was 
intruded into the old \olcani( vent causing the break up 
ot the earlier pendotite plug and the formation of a 
laccohtK mass within the old cone 

These two phases of \olcanic activity probably 
coirespond to the two magmatic cycles of the hypothesis 
of radioactne melting of the basaltic substratum as 
suggested b\ T Toly® and A Holmes ’ 

A detailed account of this work is to be published 
elsewhere 


* Jcihn Joly The Surfso^Historj of the Earth Oxford 198a 

* A Holmes Badioaolmtr and tho Barth ■ Thenul History * 
0«oto|r<e4 ifayosias VW Vdl LEJI pp 60i, 699 



IHL GEOLOGICAL llLLAriONS OF THL COASjI 
SFCTIONb BEIWILN TINI* MOUTH AND 
STAION SI UICL 

By R G 4B8Ar > M S I Wm Hopk ns M S Ph D 
1 IVIBUDUOTION 

lilt uju ut this ptpei is ti establish the sti^tifri*iphioal 
hori/ >ns of the deposits exposed on th( coast of 
Northumberland from the mouth ot the l>ne to Seaton 
Sluice Ihese places are only some eight miles apart 
but the rocks exposed ait greatly disturbed bv numeioub 
faults ind thrust movements and sre themselves so variable 
in character and thickness that the to&k ot correlatun la 
rendered extremely difficult 

\ planet it the ui ip ol the cc ist will show that all 
the headlands consist )f massive beds of sandstone m 
inanv cases further protected by reef like shelves of 
sindstone either projecting a fair distance out to sea or 
running more or less parallel 1 1 the coast line (e g 
Sharpness Point Brown Point Table Hocks St Mary's 
Island Ciag Point Ohiilevs (laiden ind Seaton Sluice 
Point) 


2 Prfviots Woek 

Veiy little work appears to have been done on this 
particulai sei tion ot the coast Ihe geological map of 186 J 
18 fairly accuiate us legaids the faulting but does not 
attempt to show cleaily ihe coirelation of the deposits with 
the main Cial Measute Senes of Noithuinberland and 
Durham 

The only previous attempt at a correlation due to 
8 R Haslehurst^ m 1912 has been accepted generally 
Mr Haslehurst did not desenbe the section further north 
than Crag Point and while hie cxirrelation can be accepted 
ae far ae the Brierdene fault the authors are forced to 
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diaseut from the uaming ot the beams outcropping between 
this fault and Ciag Point It was thought that only one 
seuiu — the Grey bciui — outti jpptd in this poition of the 
section but evidence will be bi ought foiwird to show that 
this view is erroneous 

Ihe cxirrolation adopted lu this paper is based upon two 
main factors — 

{a) A laietul oinpaii u ut the hthul)gical (huacteis 
ind scqmiue ot the locks exposed with those 
lecoided lu (ulliety inkings adjacent to the coast 
between lUylh uid North Shields 
(6) A (ompunsun nt the paleeontological hoii/oiis 
(muHbel binds u tl pi mt beds) found in the coast 
bection \Mth th sc ibscivcd in the colliei} uoik 
mgs duTing an mvebtigation earned lut by one 
of the authors ^ 


d Sinviic Rvi me XI Smcissiom ani> Grocnviiiitin 
DrsiEiiii noN 


1 I{e( ent and (rlat lal 


i l*( rmxar 


8 Middle ( oal Mea^ute^ 
Seventy Fathom Post 


D« posits ui b u)d and boulder 
1 ij Sand dunes Blyth to 
Seaton Sluu e Bouldei Clay 
( oily a ell Ba\ ( lag Pomt to 
'\\hit]e> Bay Culleiioats to 
I ynemouth < liff 

I ouei M ignesi m Limestone 
Culleiroits Bay North Side 
if Ninety I ithom Dyke 


Yellow bands ( ollywell Bay 
(two outliers) Cullei coats 
Bay and Tynemouth Clift 

Charleys Qaiden Sandstone 
Seaton Sluice 


O) 

{b) Marl Slate Cullerooats Bay 
Tynemouth Clift 

U) 
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Middle Coal Mea$are — ConUnued 


High Mam Mussel Band 

High Mam beam 

Oiey or Metal Post 
Cxiey or Mttal Coal 

Yard Coal 

Jlensh ini Post 

Ueusham Setiui 

Six Quaiter Seam 
hue Quutei Seam 

Table Hoik bandstont 


Low Mam Mussel Band 


In Blue g] ey shale on south 
side of the Seaton bluice 
l)yke (basaltir) 

1 hree feet beneath foot of 
( lifi and fifteen feet below the 
mussel band at Seaton Sluice 

Moith end of Cullei coats Bay 
^oith tnd of Cullercoats Bay 
Walled up 

(olly^ell Ba} cindered 
by Collywell Dyke Out« rops 
in dunes north of Seaton 
bluue ShaipnesH Point 
Houth end of I ong Sands 
Tynemouth 

Seaton Sluice Sandstone 
Crag Point Sandstone 
Brown s I’oint and Sharpness 
Point Sandstones 
Ciag Point Blown s Point 
and below base of cLff at 
Shaipiiess Point 

Not present 

St Mary s Island to Haitley 
Point 

Fxtends fiotn the Low Mam 
Seam to the Bensham Seam 
at Whitley Bay 
Between St Mary^s Island 
and Crag Point it is divided 
into three sections by the 
Five-Quarter and Six-Inch 
Coal Seams 

Whitley Bay Foreshore 
north and south of Curry's 
Pomt 
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Middle Coal Measaren — ( onfinwd 

Low Mam Seam Below foreshore at Whitley 

Bay 

llepiesented by a three inch 
hand of Black Shale five feet 
l>eiow the mussel band north 
and south of Curry s Point 
Beaumont Post ( urry s Point and bt Mary s 

Island Sandstone Between 
the Tiow Main and Beaumont 
Seams 


4 DfcsiKiiiioN or ( o\si Sk iioKs 
{a) 7 i/f em mth to U hitley II lif 

As the ffieatei put ot this >ii has l>een desfiibed in 
some detail by seveial woikeis^ ^ ) geneial description only 
need be given heie to bung out the relationship between 
this section and the m tion to the north 

TyuemoulU oi Piioiy Cliff is compobcd of Permian 
deposits testing uncon tnimably upon the Goal Measures^ 
the cliff being capped b^ bicitiated Middle Magnesian 
Limestone resting upon liouei Magnesian I uuestoue which 
becomes moie and iiioie aienaceouf towaids the base 
Below these beds is the Mill Slate (3 feet) underlain by 
the Yellow Sands whuh aie veiy vaiiable in thickness and 
lie unoonformably upon the leddish-tmged Coal Measures 
At the extreme southerly end of the section ih the well- 
known Tynemouth Dyke (bahalt) a few yards from and 
parallel to the pier 

Neai the top of the cliff to the north, whuh consists of 
alternating shales and sandstones dipping south, is the 
outcrop of the Taid Seam whuh, after tiaversing Sharpness 
Point, is faulted down to the fchoie at the north end ot 
Tynemouth Short Sands During leoent excarattons for the 
new Tynemouth Bathing Pool the Bensham seam was 
nneovsred at a depth of nome four or five feet below the 
bass of the cliff on the noith side of Sharpness Pomt 
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From this point to the' Smuggler’s Cave the section is 
hidden by buuldei <duy and blown sand. At Sennet’s 
Ueiie, near the centre oi the I^ng Sands, a seam is present 
w'hich the (Geological Survey consider to be the Bensham, 
while at the north end, lying uticomformably against the 
Magnesian Limestone — faulted down by the Ninety Fathom 
Dyke — Is a seam thought to l>e the Low Main. Careful 
sean'bing at this point has failed to reveal any trace of the 
Low Mam Miissel band and the authors consider this seam 
to be either the true Uensham (i.c., the same seam as is 
exposed in Kennei's Dene) or possibly the bottom section 
of the Bensham since the southerly dip is very gentle. 

The Smuggler's Cave at the south end of Cullercoats 
Bay (*onsiHth of greatly disturbed lieds of Tiower Magnesian 
Limestone which, together with the Marl Slate and Yellow 
Sands, are thrown against the (’oal Measures by the Ninety 
Fathom Dyke heading north. These beds also rest unoon- 
formably upon the (>oal Measui^es in the north end of the 
Bay where the Grey and the Yard Seams outcrop. These 
seams have been walled up but on the south side of Brown’s 
Point a shale with perfect speidmens of Carbonicola is found 
immediately overlying the Brown’s Point Sandstone. Dur- 
ing the recent dispute in the coal industry these seams were 
worked on the foreshore to the north of Cullercoats North 
Pier. 

The Nundstone forming this point is u massive brown 
sandstone just above the Bensham seam which outcrops in 
the middle of the cliff in the small bay between Brown’s 
Point and the Table Rocks. The beds are dipping south 
and the seam, which shows a fine coal “leader,” is dis- 
located by a small fault throwing north. 

The remainder of the section has been worked out in 
great detail by Ijebour and Smythe^ who have brought 
forward indubitable evidence of thrusting and local 
unconformity. The Table Roc*k sandstone (extending from 
the Low Main to the Bensham seam) has been thruft 
horiiontally over the underlying beds of shale, causing 
great disturbance in these and in the Tiow Main Mussel 
Band which it exposed occasicgially for as much as half a 
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mile along the foreshoie. A pebble bed above the disturbed 
strata is taken to mark a line of unconformity which occurs 
at a hoi iron corresponding to Ihat of the Five-Quarter seam* 
The Table Hock sandstone can be traced as far as the 
Convalescent Home after which the section is completely 
masked by boulder clay. During recent excavations in 
connection with the extension of the Whitley Bay 
promenade, the Five Quaiter Seam (6 feet of good coal) was 
uncovered at several points to the North of the Home, 
About one hundred yards south of the Brierdene fault is 
a small dyke.^ 


( 6 ) Whitley Bay to Seaton Sluice. 

Between Whitley Bay and the south side ot Curry’s 
Point the deposits c*oiisist of blown sand and boulder clay; 
the Brieidene Fault with a downthrow of 16U feet to the 
north cannot be seen theiefore ut ihe nui face. The foreshore 
around Curry’s Point consists of u coarse sandstone, 
traversed by two small faults which die out seawaids, whh^h 
is continuous with the thic^k mass oi sandstone comprising 
the whole of St. Mary*s Tslaiul. This sandstone is at least 
eighty feet thick and ih dipping inpidly inland at some six 
to eight degrees. 

Towards the maiiilaud this sandstone is overlain by ten 
feet of light blue sandy shale, two feet of veiy light 
coloured plastic seggar clay and a three-mch band of dense 
bluck shale. Above the black shale is a dark blue shale, 
in which is a prominent mussel band, the basal portion ot* 
which is highly ferruginous and full of Carbonicola shells. 

The main portion of the mussel band contains an assem- 
blage of Carlsmicola, Nuiadites, Authra<'oinyia, Spirorbis, 
and Calamite remains. 

It bears a striking resemblance to the mussel band 
associated with the Low Main Seam of Northumberland 
and the Hutton Seam of Durham which have been shown to 
be tho same seam. A (*bui;acteristic feature of this mussel 
band is the presence of Spirorbis^ and Spirorbis has been 
found in both the Whitley mussel band and the mussel^ 
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baud at Curry's ]^oint. The shale and the mussel band are 
exposed ou the shore to the south ot Cuiiy’s Point and 
immediately north oi the path to S(, Maiy’s Island. 

In the bay north oi Curi'y's Point the daik blue ohale is 
oveilain by a sandstone live teet thick characterised by 
proiiouiu'ed I ect angular jointing similar to that of the 
Table Kocks sandstone at Whitley Bay. This sandstone 
extends along the shore ns a flat table ior a considerable 
distance and is tollowed in the clih by a coal seam ot six 
to twelvu inches in thickness, flfteen feet of sandstone and 
a coal seam m two secdious of tviu feet six inches, 

Fiom an examination oi the shuit leconls ui collieries 
situated neui the coast this sei^uence indicates that the 
upper seam is the Five-Quarter, the undei lying suniUtoues 
the equivalent of the Table liock sandstone of Whitley Bay, 
the mussel band, the Jjow Main mussel band and the black 
shale (3 inches) the eiiuivuleni oi the J/uw Main Seam. 

This IS botne out by the fact that in Northumberland 
the Jiow Main seam is veiy variable and in some cases is 
practically washed out. 

The St. Muiy’s Island sandstone, on this reading, is 
below the ix)\r Main seam and is the equivalent of the 
Beaumont Post which is well developed ut East Holywell 
and Backworth Collieries some two miles inland. The 
Table Hock Huudstone at Whitley Bay comprises all the 
sandstone between the Low Main and Benshani seams; in 
the area under consideration it is considerably thinner and 
is split into three sections by the Six-Iimh ('oal ” and the 
Five-Quarter," the upper portion passing rapidly into 
sandy shales towards the north. The beds dip gently 
towards Hartley Steps Bay and are traversed by five small 
faults all throwing to the south. 

Hartley Step 0 Bay, 

At the south end of this bay a staple was put down 
through the sandstone table during the miners’ strike of 
1887 and the Low Main seam was reached at a depth of some 
twelve feet, the seam proving to lie good coal four feet 
, thick. The Five-Quarter seam passes under the £oreih 4 »« 
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and the strata in the clitf ronsist mainly of grey shales with 
sandstone and ironstone bands. The Five-Quarter has 
recently been woiked on the foreshore as far as the point 
opposite Hartley village and has proved to be a six feet 
seam of good quality. The shale contains a mussel band, 
comprised of Caibonicoln shells and Spirorbis, immediately 
below which is a tfnuginous band with typical cone-in-cone 
structure developed. The muMsel baud which is ferruginous 
and contains Knolinite can be traced troni the Hartley 
Steps to the Crag Point Fault where it is some five feet 
below a seam in two sections ot two feet six inches 

This seam appeals at the lop ot the cliff a little to the 
south of the Crag Point, the top section being oAerlain by a 
band of grey shale four feet thick followed by sandstone to 
the top of the cliff. It is thrown thirteen feet to the north 
by a fault which brings it near the base of the cliff at Crag 
Point. This seam must be the lienshani seam and not the 
Grey as has been assumed, siiH*e it is the next in the series 
to the Five-Quarter. Confirmation of this point is afforded 
by the presence of plant remains in the giey shale innnedi- 
afoly above the seam, a conspicuous plant bed being a 
valuable characteristic of the PeiiRham seam and its equiva- 
lents in the Northern coalfield. The Hen sham at this point 
is thrown down some eighty feet to the north by the Crag 
Point fault, since the Crag Point sandstone which is 
normally above the grey shale is brought down in contact 
with the seam. At exceptionally low water the Bensham 
seam can he seen some sixty yards from the foot of the cliff 
below the sandstone when the water is clear. 

Cmg Point to CoIIfpoel! Bay, 

The Cittg Point sundstoiie is a light whitish-brown 
sandstone forming the high cliff from Crag Point to the 
south end of Oollywell Bey where it is cut oft by a fault. 
Since the Sharpness Point and Brown's Point sandstones 
are also between the Yard and the Bensham seams these 
three sandstones must be the same; an examination of 
colliery sinkings at Hartley and Holywell diows that tk4 
Bensham is overlain there also by a simMar thick mass of 



162 


sanilHtone. At the south end of Collywell Bay the sand- 
stone IS overlain by dark blue shale and boulder olay^ the 
blue shale containiug abundant plant leinains, chiefly 
C'alaniiies. 

From peisonal observation we have ascertained that the 
blue shale above the Bensham seam in the East Holywell 
Pit lb crowded with Calamite stems, indicatinK that, in all 
probability, the Mhales are the same 

Collywell Bay, 

Glacial, Peimian and Coal Measure beds outcrop in the 
cliff section The Coal Measure Series form a faulted 
aynchne — the Ciair Point sandstone at the south end 
dipping Noith and the (^barley’s Garden sandstone (con- 
sideied bv the authoi’s to be, the Seventy Fathom Post) 
at the north end of the bay dipping South at a fairly 
high tingle (12®) The fault some twenty yards north 
of the Collywell Dyke is consideied bv the Geological 
Survey to have a downthiow of thiity-six feet — a figure 
ahich the authors believe to be much too small for 
jeasons to be discussed subsequently Both the Collywell 
fault and the dyke can be tiuced right across the 
bay uith a southward sweep, the fault apparently cutting 
off the northern face of the Crag Point sandstone. 

The effect of the fault is to bring in the Yellow Kands of 
the Permian in two exposmes at the top of the cliff in the 
centie of the hay and above the incline leading to the sands. 
They lest upon sandstone overlain by shales with lenticular 
beds of sandstone and aie the most northerly exposures of 
the Permian series in Northumberland. 

The magnitude of the Collywell fault is important in 
that it accounts for the presence of these two Permian 
outliers in the cliff. 

The shale above the Crag Point sandstone contains a 

seam three feet six inches thick — the Yard seam — ^which 

outcrops in contact with the Collywell Dyke and has been 

ooBverted to a prismatic cinder coal. The dyke has a 

faulted junction with the surrounding beds but apparently 

the tiirow of this fault is tmly a lew feet to the south while 

* 
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some fifteen yards north of the dyke is a small fault of 
eight feet throwing north. 

To arrive at some idea of the magnitude of the Collywell 
fault it is necessary to study the strata exposed at the 
Seaton Sluice end of the section. The most northerly 
exposure is 'a thick mass of well-bedded sandstone dipping 
slightly inland ; the individual lieds exhibiting marked false 
bedding indicating a shallow water origin. It is traversed 
by two thin bands of shale, the upper of which dies out 
laterally, the base of the overlying sandstone containing 
a pebhle hand denoting a break in the deposition. 

This sandstone extends to the snnd dunes which cover 
the rest of the c^oast to Blyth and although no surface 
evidence indicates its honson, this can be arrived at by 
comparison with colliery records near Hartley and Holy- 
well. The Yard seam has been proved by borings below 
the dunes approximately along the line of the main coast 
road to Blyth. 

At Holywell colliery some three miles south-west of 
Seaton Sluice the sandstone between the Yard and the 
Bensham is sixty-five feet thick, at Haitley sixty feet 
thick, while the Seaton Sluice sandstone is at least fifty 
feet thick. 

Hence the Seaton Sluice sandstone dipping inland 
beneath the Yard seam is the equivalent of the three 
sandstones previously found to be at this horison, t.e., the 
Sharpness Point, Brown’s Point and Crag Point sandstones. 
Just south of the entrance to the Sluice it is terminated 
by a fault throwing south which has been estiinated at 
seventy-eight feet, but from considerations given below the 
authors have found it necessary to increase the throw 
considerably. 

On the downthrow side of this fault a seam three feet 
six inches has been proved a few feet below the base of the 
olift overlain by a mass of shale at least fifteen feet thick. 
Immediately above this shale is a thin team of eight to 
twdve inches and another fifteen, feet of grey shale contaiib^ 
ing a mussel band of very prominent Oarbonioola shells. 
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The authorn helieve the aeam below the base of the dill 
to be the High Main Seam for the following reasons: — 

The horison of the High Main seam can be determined 
by thn*e characteristics — 

(a) its thickness — generally three to ten fpet; 

(b) it is overlain by a sandstone usually of oon- 
hiderable thickness — the High Main Post; and 

(c) the sandstone is followed by a thin seam and from 
fifteen to twenty- two feet of blue or grey shale 
containing a mussel band. 

An examination of the colliery records shows that no^h 
of Backworth, the High Main seam is no longer a conspicu- 
ous seam of seven feet but has thinned to two feet to three 
feet six inches. Further this thinning is accompanied by 
a diminution in thickness of the High Main Post and its 
lateral passage into shale which is still overlain by a thin 
seam and dark shale with a mussel band. 

In Northumberland this shale is generally followed by 
another well developed sandstone — the Seventy Fathom 
Post. The Charley’s Garden sandstone, therefore, is the 
bottom section ot the Seventy Fathom Post, the mussel 
band is the High Main mussel band, and the seam just 
under the foreshore is the High Main seam. The interval 
between the seam and the mussel band is less than usual 
and the High Main Post has passed into shale. 

Since the shale containing the High Main mussel band 
is found thrown against the sandstone underlying the Yard 
seam, the Seaton Sluice fault under discussion must be at 
least 180 feet instead of the 78 at present indicated on the 
Survey map (talcing the average distance between the Yard 
and the High Main seams in the district). 

The High Main beds are dipping south and are affected 
hy two step faults which throw down the Charley’s Garden 
sandstone to the shore. The Charley’s Garden sandstone is 
a massive brown rock which fonns the stack of that name 
some twenty yards from the cliff face ; it is dipping south at 
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a very higli uugle (2U^) uncL can be traced to the inolmed 
road leading to Collywell Hands. It then passes under the 
fahore^ and in the centime oi the bay must commence to rise to 
the south until it reaches the fault first mentioned twenty 
yards north of Collywell Dyke. 

In the Collywell cliff, this sandstone is overlain by shales 
and the uppei sections of the Seventy Fathom Post on top 
of which the Permian Yellow Sands are deposited imcon- 
formably. 

Sin(*e the Seventy Fathom Post is thi'own down against 
the strata just above the Yaid seam, and the average 
distance between these horisous in this distiict is 220 feet, 
it follows that the thrttw oi the 'fault must be near this 
figure and nut thirty-six: as at present indicated. 

The sandstones on each side oi the fault bear a 
superficial resemblance to one another, but closer examina- 
tion shows that they are decidedly different in character; 
on the south side of the fault the shale is pure, while on the 
north side it is thicker and is mixed with lenticular bands 
of sandstone. 

Format ton of Collywell Day. 

The two*Jarge faults ot 220 and 180 feet are throwing 
north and south I'espectively so that Collywell Bay marks 
the position of a huge trough fault. These two faults 
converge inland and gradually die out so that the figures 
?16 and 78 feet are pix>bably quite correct values of the 
throw in the collieiy workings from which they must have 
been obtained. The sti-ucture of the bay, therefore, can ba 
likened to a wedge which has dropped at the broad end, 
the intersection of the faults acting as a pivot, ».6., the 
Yard seam is continuous inland and is present at the coast 
on the noith and south of the bay, while the High Main 
measui-es (which are mainly soft shales) have been let 
down to that level in the bay itself. 

It is worthy of note that both of theik large” faults are 
accompanied by igneous dykes, indicating the tendenc^df 
intrusions to follow lines of great disturbance. 

U 



m 


Evidence of Thrustvny. 

At the ba»e ui tlie Seventy Fathom Pobt jUHt north ot 
Charley'e Garden, theie are bigiib of a blight unconioriuity 
and thrusting in an east and west direction. Owing to the 
undeicutting oi an anticlinal section ol this sandstone, 
striae at right angles to the coast can be seen clearly in the 
basal portion of the rock. 

Thib thrusting movement is probably connected with 
the tilting of the wedge which was primal ily responsible 
ior the iorniation of Colly well Buy. As the faults in 
question have affected both Carbon ifei oils and Permian 
stiutu it 18 piobable that the thrusting is connected with the 
Pobl-Permian eailh movements which have affected other 
poitions of the Noith-East Coast, notably at Whitley Bay, 
Marsden and Kyhope. 


5. CONCLOSIOKS. 


(a) The Coal Measure Series exposed m the sections are 
represented by some 500 feet of strata extending from the 
Serent;^ Fathom l^lst to the Beaumunt sandstone. 


(6) There are exposures of 

(1) Seventy Fathom. 

(2) Between Yard and 

Benshani seams. 

(0) Between Beusbam and 
liow Main seams. 

(4) Beaumont Sandstone. 


lour main sandstones: 
Charley's Garden. 

Seaton Sluice, Crag Point, 
Brown's Point and 
Sharpness Point. 

liable Bock sandstone at 
Whitley Bay, Curry's 
Point to Hartley. 

Bt. Mary’s Island. 


(c) The High Main Post, usually ti persistent band in 
Northumberland, is absent at Seaton Sluice owing to rapid 
thinning and lateral replacement by Bhale, 

(</) The fault in Colly well Bay bringing in the Yellow 
Sands has a much greater throw than appears on the map. 
It must thi^w to the north at least 220 feet. Similarly the 
KmKon Sluice fanlt must have a throw to the south of at 
I&st 180 feet. 
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Thub Colly well Bay in due to u large trough fault 
throwing dcmn the soft shale*^ of the High Main niennures. 

(?) There it* evidence of thruHting in an east and west 
direction at the hase ot the Sevenl} Fathom Fost at Seaton 
Sluice, which 18 prolmhly c*onne<’ted w'lth the roHt-Pennian 
earth movenienth which have affected other portionw of the 
coast at Whitley Bay, Maraden und llyhope. 

The nuthora beg to thank Profeanor H G, A, Hickling, 
D.Sc,, of the Geological Department, Armatrong College, 
and ProfcRHor A. Holmes, D.Sc., of the Geological Depart- 
ment, Science Laboratories, Durham, for their interest and 
practical help during the preparation of this paper. 

Xoto, — Scale of (\jast Sections 6^ in.--l mile. 

Scale of Vertical Sections 1 ni.— 118 it. 
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PLANT DECAY AND SUBSEQUENT 
MINERALISATION. 

Part I. — The Browning of Dying Plant Cells. 

By IfanioM THoiua, MA 

Browiiiiifi, which nc\er occuis in henlthy living cells of 
the highei' plants, inevitably re8ult<« when the riiniponents 
of A and B (see below) assemble. So it will occur when 
the protoplasm of cells of oxidase plants — for example, 
that of apple cells — disorgauisea either during the final 
phases of their normal senescence, or prematurely after 
mechanical injury, parasitic attack, or functional die* 
turbance ; — 



BROWN OXIDATION PROmiCTB. 


These colour effects in oxidase plants probably record 
the last biochemical oxidations under the control of their 
dying protoplasm. After death, during desiccation, plant 
remains, even those of non-oxidase plants, may brown 
slightly by simple chemical oxidations. The dried remains 
of all plants finally become incorporated with the soil as 
complmc mixtures of substances such as these brown non- 
nitrogeSnous highly oxidised aromatics, proteins, oaiho- 
hydrates, organic acids, mineral salts, etc. 

BBFBBEKGB. 

Oulow. Btoehm. Jotm.. YA. XIT. (UBO), Tel. XT. (ISBl). 
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Part IT. — The Becunking of Vbget\bie Dfa'AY. 

By H H CoLLiNB, M.Sc 

After the eujEyines ot the plant have fulfilled their 
destiny and the plant tissues are dead, hacterial changes 
play u leading part in the rheniistrj of the dead plant 
tiflsueH. Under natural coiiditiouH leaves full on the soil 
and decay, and the practices of agriculture juul horti- 
culture assist this natural lute of decomposition. The 
simpler sugars are soon oxidised, leaving cellulose and 
the more resistant proteins, llothainsted workers have 
shown that straw can be lotted into manure at a rapid 
rate and the a u then compared those results with the 
decomposition of pure cellulose in the laboratory. 
Nitrogen, phosphorus and potassium are essential bacterial 
foods and the humification of cellulose cannot take place 
in their absence. The rate of humification is closely 
connected with the amount of nitrogen supplied. Some 
bacteria can obtain nitrogen from the air, but fhe> require 
more soluble forms of carbohydrates than cellulose. There 
is a tendency to approach an equilibrium of organic 
matter which, irrespeidive of origin, ivintains 2 per cent, 
of nitrogen when dried. 
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Part III. — The Minf^alisation of Plant Besidues. 

By H G. A HxGKiiiira, D.So. 

The ultimate conversion of plant residues into 
** mineral ” fuel can be shown to follow very well-defined 
lines of chemical change. In spite of the great vanety 
of plant materials which may enthv into the oompositiofi 
of different peats, the bulk composition of suoh peats 
varies within <mly narrow limits. It theretors appeaYi 
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that the early decomposition exerts a selective action^ and 
that the surviving materials are the same in most 
cases. 

A graph u*al examination of an extensive series of 
analyses ot peats, lignites and coals of all kinds, shows 
that they have u remarkably linear distribution^ such as 
can only result from cheniical changes following similar 
lines in all ruses. In the peats, the changes result in 
considerable elimination of hydrogen ns well as carbon 
and oxygen. In the series of lignites and bitumenous 
coals the further change appears to result in the elimination 
of carbon and oxygen only, these being progressively 
extracted in tho general proportion C'.Oj, The highest 
degree of alteration, which gives rise to the anthracites 
is again characterised by extensive elimination of 
hydrogen The niti*ogen and sulphur appear to be little 
affected by the cbeinicul changes after the early stages 
which convert the original materials into peat. 

Fossil fuels are shown by the graphs to form a 
remarkably continuous senes from the least changed peats 
to the most highly “ carbonised ** anthraciteR. It does 
not appear that there is any stage in the long series ot 
changes at which the alteration was arrested, such at 
would be indicated by the exceptional frequency of coalfl 
of a given composition, with the possible exception of a 
small break lietween the bitumenous coal and anthracite 
groups. There appears to be no doubt at all that the 
romiiosition of a fossil fuel is in the main dependent on 
the stage of chemical alteration as determined by the 
geological conditions to which it has been subjected, and 
is influenced in only a minor degree by the original 
vegetable composition. 



THE HYDEULYSIS llF SALTS BY STEAM. 
(ABSTltACT.) 

By P L UoBiMsoK, H C Smith and H V A Bjuhcos 

The action ot low pieHsiiie iiiperhcated steam on the 
sulphates, phosphates, (‘hiundes, bromides and carbonates 
of the alkaline eaith metals ut leiiipeiatiues below liOnO** 
was investijfttted by passiUK steam at a cuietully controlled 
late over weifirlied (piuntities ot material in a porcelain 
boat in a silica tulie rehistance tuinace The temperature 
was varied h} alteniidr a aeries resistance, and was 
measuied with an accuracy of ±5® by a Platinum/ 
Platinum-Uhndium thermocouple and a Paul millivolt- 
meter. 

The sulphates and phosphates weie stable below 

The results obtained with the other salts show that 
in each case the stability under these conditions increases 
in the order: calcium, strontium, barium; whilst with 
the halide salts of these niefals the stability increases in 
the order* iodide, bromide, chloride, fluoride. 

The silica of the boat may piny an active part in some 
of these reactions since in the case of the carbonates the 
surface of the porcelain was visibly attacked. 

The lowest temperature at which appreciable hydrolysis 
occurs with the various compounds is given below: — 

Calcium chloride, 426°. Calcium bromide, 348?*. 

Strontium chloride, 640°. Strontium bromide, 443°. 

Barium chloride, 970°. Barium bromide, 640°. 

Calcium (‘arbonate, 440°. 
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APPLICATIONS OF SPECTROSCOPY TO 
MOLECULAR PROBLEMS 

By PuoF W E Curtis, D.Sc 

The legularities 'discernible in the arrangement of 
spectrum lines are of two main types, which are usually 
designated line series and band series. The latter, with 
which we are here concerned, are as a rule more easily 
recognised than the former, on account of the occurrence of 
“heads,** where the lines crowd closely together; on the 
othei bund their structure is much more complex, and over- 
lapping of several bands is apt to render their detailed 
analysis a very ditBcult and laborious tusk. This complexity 
is not without its compensations, however, for by the dawn- 
ing light of theory we begin to perceive in each phase of 
it a new means of access to knowledge pi'cviously unattain- 
able. Much has been learnt of the atom from the study of 
line seiies, but much more may be learnt of the molecule 
from the study of band series. It is proposed to survey 
briefly some of the results of work in this field. 

In the first place we may consider the features which are 
common to both line and band senes. The normal aiomt 
by absorbing energy, may be put into a variety of tempor- 
arily stable excited *’) states, which differ from each 
other in respect of the eonfiguiution of the electrons. These 
states fall naturally into groups or sequences which have well 
defined characteristics, and simple rules may be formulated 
for the purpose of describing the transitions which are found 
to take place between them. The frequency of the radiation 
emitted as a result of such a transition is determined solely 
by the difference in the energy values of the states involved. 
In Ihe case of a molecule also excifation by electron dis- 
placement can occur, but the absorlied energy may be stored 



in othei ways as well, m) that the variety of excited states 
is iiiu(h greatei. It is still tiue, howevei^ to say that the 
gieatei part oi the energy emitted is derived ftom the 
electi'uns, so that the location in the spei'tium of u bund 
is pninutily deter/niued by the same piocess us toi u senes 
line, but it IS only quite recently that an exact correspond 
enee between the two cases has been estabiished That is 
to say, it now appeals possible to group the electronic states 
ot molecules into sequences on piecisely the suiue lines us 
for atums^ and therefore to apply to them the methods of 
interpretation which have pro\ed so reiuarhably tniitlul in 
the latter case. It is even possible in some cases to 
lecognize a "* conespouding atom/’ that is to say, an atom 
m which tlie aiiaiigeinent ot outer electrons is identical with 
that ot the molecule m question. 

Hut the eneigy oi a mulcMmle, although predominantly 
electronic in character, is not entiiely so The remainder 
iiiuy be legiiided as puiily due to the lotution of the molecule 
and puitiv to the vibration oi the ulomir nuclei within it. 
Each ot tlip^e futtois is comerned in the piocess ol emission ; 
conversely, the analysis ot a band sjiectrum provides us with 
intoiniatiou conceiuing them. They are not entirely 
independent iaciois, but since their mutual influence is 
reluliAcly small it is peimissible to consider them separately. 

The most striking feature ot a band spectrum, the 
ordered aiiangement ot lines whirh loaches its climax, os 
it were, in a ^ead, may be characterized as rotation 
stiucture Were the rotation ot the molecule gradually to 
die uHuv (as it does in fact tend to do us the temperature 
is lowered) the bund would liecome steadily shoHer and 
shuiter, eAeiitually dwindling to a single line when the 
molecule had ceased to mtate at all. Thus the extent of 
the band, and pailiculaily the intensity distribution within 
it— a more definite quantity — piovides an indication of the 
temperature of the ladiatiug gas, or, more strictly, of the 
effective tempeiature of the radiating molecules, which is 
not necessarily the same thing. Further, the spacing of the 
lines, if they have been numbered off correctly, gives at once 
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the moments of inertia oi llie molecule before and after the 
act of emission In the case of diatomic molecules of known 
constitution the distance apart oi the nuclei is then directly 
obtainuhle In cases wheio the coiibtitution is uncertain 
(and these me not infrequent) the question can often be 
bettled by a comparison ol the band stiucturo with that of 
molecules oi known eonsiitution In this way several l^ng 
standing controversies have been bcltled and a number of 
new molecules liavo been discovered (e.g , lie, and many 
metallic hydrides) 

Turning next to the manner m which the bauds Ihein- 
selves are arranged, we find legulanties of a somewhat 
similar character but of lundamentully different origin. 
These are determined by the viluutioiis of the nuclei within 
the molecule, and the vilu'utioii tiequencies cau be deduced 
immediately it the uumeiatiou oi the successive bands can 
be correctly fixed A closer mvestigaljon of this “ vibration 
stiucture furnishes precise inioimation conceining the 
foice biiidiug the nuclei and its dependence on their dis- 
tance apuit it IS in the vibiation stiuctuie, too, that we 
find the most pionouuced spectroscopic evidence of the 
existence of isotopes, and there would seem to bo a possibility 
of turning this to account wheio additional evidence as to 
({uantilative isotopic composition is lequired (us in the case 
ot boron). 

Such are some oi the ways in winch the study of bend 
spectra is contiibuting to oui knowledge of the molecule. 
For the sake of clear ness it has seemed desirable to confine 
these lemarkh to the suliject oi emission spectra in the 
optical region, hut there are othei lines of research, equally 
iich ill interest and piomise Investigations of infra-red 
spectra, for example, and of absorption and fluorescence 
spectra base also led to results oi great importance, and 
theie iS no doubt that spectroscopic methods in general are 
destined to play a leading i>ait in the solution of many of 
the problems of the molecule. 
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IHF CRYfirAI SiRUCrURF OF IODOFORM 

By J 1* Wood M Sc A Inst V 
Cryst\di oc raphic Data 

Hevagouul 

a c = 1 1 1084 (Groih — Chem Krys ) 

Specific giavity = 4 08 (Kaye & Laby b Tables ) 

I uut ph togiuphs taken [m rpendicular to the basal plane 
bhow tbit If do torn has no plane of symmetry through the 
hcxigmul axis (The crystals which irc m the form of 
ht\ igoiiul plates aie too thin tr permit oi 1 me photographs 
being taken in anv other diiec tiou ) ihe c lystal must there 
ioie lelong to one oi the following classes (hexagonal 
axis fiilv) 1)^ (hexagonal axis with perpendicular dyad 
axes) (hexagonal axis mth plane of symmetry pei 

peiidif uHi to it) 

1 h( spac mg t the 1 asal plane (0001) was found to he 
3 75 A The (1011) faces were beautifully developed on 
some >i the crystals used but no X ray i ejection cculd be 
obtained from them presumably on accxiunt of its feeble 
intensity A lotation photograph of the (lOxl) showed a 
faint line coiiesponding to the spacing 4 66 A Ihese two 
spacings lead to the conclusion that the unit cell contains 
two molecules 

The number of asvmmetiic molecules requiied to produce 
the symmetry oi the classes Q are respectively 

6 12 J2 The symmetry of the molecule of iodoform must 
be therefore three or six fold The type of six fold 
symmetry lequued for is a trigonal axis with dyad axes 
perpendicular to it and for a trigonal axis with a plane 
of S 3 rtiunetry perpendicular to it On chemical gxounds 
these tvo possibilities may be ruled out and hence it 
appears that the molecule of iodoform has only three fold 
symmetry i e a trigonal axis and the ciystal belongs to 
the class C, 
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Assuming theie aie two molecules in the unit fell the 
dunensions aic tuuud to be 
a = 6 92 A 
• 6 = 7 69 A 

dOOOl *-7 69 A (J76 A obseived) 
dlOil 4 76 A (4 66 \ obseived) 

It 18 seen that the spacing ot (0001) i8 h ilf the calc ulaied 
value This indicates that the space group to which 
iodoform must be lef erred has screw axes parallel to the C 
axis and of pitch 1 75 \ Since the molecule of iodoform 
has a tiigonal axis the space gioup must have tiigonal axes 
also The only space gioup tulhlling these two conditions 
IS C/ (See HiltoUi Mathematical ( lystullogiuphy ) The 
arrangement ot axes in this space gioup is shown in hig 1 
Ihe only ai rangemeuts ot atoms which gi\e a trigonal 
axis to the molecule ot lodotorm aie the one shown m hig 2 
or the one in which the atoms all he along a line this latter 
IS unlikely troni the chemical point of view The molecule 
must tbeietoie be a tetrahedron with the carbon atom inside 
and the hydrogen and iodine atoms at the comers I he line 

joining the hydrogen and c arbou atoms is the trigonal axis 
of the molecule This axis must coincide with the axes 
or A ot the space gioup and this gives use to 
two possibilities 

In the first case it is seen that the crystal is made up of 
lines ot molecules whose trigonal axes lie along the 
crystallographii C axis I he molecules are alternately of 
type A and type B B being obtained from A by a lotation of 
about the (lystallogiaphic ( axis followed bj a trans- 
lation of d 76 A along the same axis A is obtained from 
B by an identical pitKOss This fixes the lelative orienta 
tions of the molecules in the crystal If the iodine atoms 
of any molecule A touch the hydrogen of the next molecule 
B the structure is fiimly held in the direction of the C axis 
In directions perpendicular to this matters are otherwise 
The iodines of neighbouring molecules do not come into 
contact unloM the diameter of iodine is made much larger 
than 2 80 A| the usually accepted value 




m 

Th<* seroiid alternative appearH to be more tiatisfactory. 
lu ihib caee the structure appears, when viewed in the 
fluection of the C axis, uh u lepetition of the pattern shown 
in III. The unshaded molecule repre^^euts the mole- 
cule ut the top of the cell, i.e , A in Fig. Ilia, and the 
shaded one the molecule B which is half-way down the cell 
uud obtained from A by lotation about the C axis. 

I'he fit m this case is better. Fig. IV shows the ariangement 
ul aloniH in any plane parallel to the G axis, through the 
hydrogen, carbon and one iodine atom of any molecule. It 
16 observed that the iodine does not quite fill the gap 
between the carbon of one and the hydrogen of a neighbourly 
molecule, but considering the fact that the spherical atom 
is only a rough approximation the fit is fairly satislactory. 

In conclusion the author takes this opportunity of 
expressing his thanks to the Research Committee of Arm- 
strong College for financial assistance, and to Sir William 
Bragg for his kind interest and eucourageineni. The work 
was carried out at the Davy-Faraday Laboratory at The 
Royal Institution. 
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\ KESlDUAIi EFFECr IN IIIE ACTINIC 
Ml&OllPTlON OP CHLORINE 

By iiFKiu 1 wiuR, M Sc , Earl (>rcy Memoiial Fillo\c, and 
Arthur Eu lorr, B Sc 

Irtroducuon 

In dealing with the photo-chemical union ot chloime 
with hydiogen, a method of inyeatigation which has 
at tt acted little attention is that oi subjecting the activating 
illumination to various pertuibing influences, and obseiving 
the lesulting change in the reaction initiated Progress 
has been made chiefly in the direction of changing the 
frequency and the intensity Ihe latter has unfortunately 
been the subject of much diveisity of opinion, and the 
former is liouud up with it, inasmuch as expeiimental woik 
has not yet been cained out in which the tiequenoy, but not 
the intensity, has been varied 

It should, however, be possible to puisue investigations 
in a different manner, by using a strong beam of white 
light and a filter in which the activated substance itself is 
the hlteimg medium Although we aie thus using the 
migrated effect from a whole wave-band, yet the composi- 
tion of the emeigent light may be varied m a known manner 
by altering the absorption spectrum, and an analysis of the 
results might possibly bring fresh evidence to bear on the 
problem of molecular activation The brat experiment 
which suggests itself is to alter the comiftisition of the light 
simply by increasing the equivalent thickness of the 
absorbing medium 

In the experiments to be described, the procedure was to 
permit hydrogen and chlorme to unite m a system in which 
the velocity of union could be determined under the 
influence of a beam of white light passing ihrough a filter 
of chlorine of which the concentration could be altered in 
a known manner 
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£xfkeim£Ntal Work 

Ihe rate of combination of hydiogen and chioiine under 
the iniluenfe ot light may be detei mined by several 
methods, but the actinometer arrangement of Bunsen and 
Boscoe, subsequently used by Burgess and Chapman/ was 
cousideied to be the most suitable, since it enables the whole 
course oi the leaction to be followed In principle, the 
actinometer consists of a bulb, containing a little water to 
absorb the HCl formed, in communication with a narrow 
bore index tube so that the contraction of the gas volume 
may be followed by the movement of a liquid indicator 
Side tubes with stopcocks seive to admit and extract the 
gas at will ihe appaiatus used was cleaned with the 
usual cleaning Huids many tunes m succession, and finally 
a little distilled watei was introduced, so that a small 
surface was offered at the bottom of the bulb 

The gas mixture was prepared by the electrolysis of pure 
concentiated hydiochlonc acid The chief drawback to thu 
method is the evolution of oxygen at the anode as the cM>n- 
centration of the acid falls to overcome this, some workers'* 
have used laige quantities of acid and in the ])re8ent experi- 
ments a glass chambei holding litres was employed 
The electrodes, togethei with two glass tubes, passed 
through a stopper, sealed in and piotected from the action 
of the chlorine by picein ” wax Before commencing 
opeiatioQs, a stream of chlorine gas was led through the 
whole appaiatus for several hours in order to saturate all 
the liquids, and to remove all traces ot air The electrolysis 
was then commenced, and the mixed gases were allowed to 
pass foi several more hours the bulb of the actinometer being 
strongly illuminated by an arc lamp at the same time The 
anti-catalysts were thus attacked by the activated chlorine, 
and removed from the system 

The reaction system wa9 immersed in a large thermostat 
bath consuting of a tank of 20 gallons capacity fitted with a 
port-hole in one side through which light could be pasted. 
The bulb was only a centimetre from the port-hole, so that 
the light absorbed by the water was negligible 
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I he illunimatLou WAb pio\ided hj a Pomtolite lamp 
\it(i having been lendertd juirallpl by a lens the light 
passed through a shutter then thiough the hltei tube and 
finally thiuugh the port hole 

hxiEKIULM IL PbO( tDURF 

As it wab lound that the sensitivity of the mixed gases 
\aiied enormously duiing the course of a day the following 
procedure was idopted 


Typical Reaction Velocity Curves 



Ihe velocity of the reaction under the illumination from 
a lamp kept at a fixed distance from the actmometer was 
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lueabured by deteriuining the rate'ot movement ol the index 
along the capillary tube. Then this standard lamp was 
switched ofiF, and the velocity undei illumination from the 
Pointolite lamp was measured m the same way Finally, 
the reaction velocity undei the standard lamp was again 
measured as a check. The lesuJts of a typical measurement 
are shown in Fig 1. 

The velocity of reaction under the illumination from the 
Pointolite lamp relative to that produced by the standard 
lamp was then measured, and in all cases, this “ relative 



Fig. 2. 

reaction velocity ” was measured, and by this means, the 
results were made independent of the sensitmiy of the 
mixture of hydrogen and chlorine. 
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Lhe proceduie was lepeated with various concent rat ions 
of chluune in the hlter, and so the effect ol increased 
amounts of absorbing material on the velocity of reaction 
was determined 

The brat experiments were earned out with a hlter of 
chlonne gas contained in a tube provided with glass-end 
plates sealed on with ** picein ” wax The tube was in 
communication with a cylinder of chlonne, a filter pump» 
and a luanometei, so that the amount of chlorine in the 
filter Luuld be vaned m a known maunei, the reaction 
\6locity produced by the light passing through it being 
detei mined at the same time In these experiments the 
tube was 45 cm long, the maximum pressure being 
atmospheric 


First Hesults 

The lesults aie^shown in graphical foim m Fig 2, and 
are set out in Table 1 below In this curve it will be seen 
that the reaction velocity ceases to fall off rapidly as 
atmospheric pressure is approached, and is not of exponen 
tial form 


TABLE 1 


Temp of gas I8« C Tube 45 c m long 


Pretture of chlonne in filter 
tube in cm of Hg 

Mean reaction velocity relative 
to reaction velocity with 
standard lamp 

32 0 

3 56 

46 4 

1 23 

62 4 

1 06 

174 

3 53 

53 4 

1 42 

28 0 

099 

36 4 

1 98 

124 

422 
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Laixh Mxthods 

It was nought to obtain additional confirmation bj using 
a greater concentration oi chlorine in the filter, and in order 
to do this two methods were employed In the first method) 
a solution of rhlorine m caibon tetrachloride was employed 
an the filtering medium This liquid was selected b^ause 
it IS chemically inactive with rebpect to chloiine, and could 
therefore be used without tear of any rea<tion with the 
chlorine even under intense illumination 

In the place of the tube ot chlorine gas, a plane walled 
glass cell was employed, the light having to {mss through a 
depth ol 1 cm oi liquid This cell was equipped with a 
closely fitting glass co\(i to pte\cnt ipoiation since the 
solution was vei^ \olatile Hy this means we weie able 
to pubs the beam of white light thiough a quantity of 
dissolved chlorine, and to measure the \elooity of the 
leaction produced by the light 

A satuiated solution oi chloiine was made up in the first 
place b} passing a stream of chloiine iiom a cylinder 
thiough u towel of puie carbon tetiachloiide lo obtain 
lowei conrentiations of chlorine, additional quantities of 
cailxm tetrac blonde wtie added to this stock solution 
Unfortunately, these solutions, especially those near the 
saturation point, were very unstable owing to rapid evapora- 
tion, and it was found to be quite impossible to rely on 
adding known quantities of the diluting agent, hencm it 
was necessaiy to estimate the strength immediately after 
removing the cap of the filter c ell at the end of an exposure 
For this purpose, a measured portion was tiansferred to a 
beaker, and shaken with excess of aqueous solution of 
potassium iodide The iodine liberated in the water layer 
was then titrated with sodium thiosulphate, and the shaking 
cKin tinned until all the chlorine had passed from the 
tetrachloiide into the water 

Anothei soune of trouble lay in the tendency of some 
of the strongei solutions to becKime turbid, presumably 
owing to the evolution of chlorine in the body of the liquid 
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The tuibidity could be i amoved by hlieiiDg, and was always 
looked foi carefully In any case, it may be observed that 
A cloudy liquid would decieaae the intensity of the light 
tidiismitted, and so operate against the residual effect under 
investigation The results of these experiments are given 
in Table 2, and are shown giuphically in Fig 3 



ihe second method ot increasing the concentration ot 
the rhloiine m the filtei consisted in employing a longer 
tube (150 5 cm ) of gaseous chlorine in place of the cell 
ihe gas supply, pump, and manometer were the same as 
in the pitvious expeiiments with the shorter tube The 
(ffect of using a longer tube was, in fact, simply to extend 
the cuive given in Fig 2 to legions of gi eater equivalent 
piossures The lesults ot these experiments are given in 
Table 1 and in Fig 4 
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iu Table 2, (a) in the nuiuber of" cos. of X/10 sodium 
thiosulphate required to titrate 6 cc. of chloriue solution; iu 
4;olumu (b) is gi\en the number of chlorine moleculai 

















m 


actually interposed per squaie centimetre of crosb-section 
of the beam in column (r) is the ielati\e reaction 
velocity " produced in the actinometei 

In Table 6 (a) in the chlorine presume a«« read by the 
manometer (b) and (c) are as in lablp 2 



Conclusion 

All the curies obtained so far, although exhibiting 
certain differences as yet unaccounted for, agree in showing 
a * residual effect/’ that is to say, the light ^ after passing 
through large concentiations of chlorine, is still capable of 
activating chlorine hrom an inspection of the curves, it 
appears that certain types of radiation present m ordinal y 
light, are only feebly absorbed by chlorine, and, yet, are 
able to give rise to an appreciable amount of activation 
It lb claimed that these results, whilst at present rather of 
a qualitive nature, indicate that, by the use of this method, 
some information may be gained regarding the activating 
power of the feebly absorbed frequencies Farther work i» 
at present u progress 
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Q INILGRAllON 
B> Rbv F II Jacks n, M A Sc D 
Inihoduction 


The object oi this papei is to set forth some possible 
developmeBts of analysis b^ means of a certain operation 
which the writer terms q Integiation The operation is 
intereaiiDg principally because oi its powers in effecting 
transformations ot the q 1 um tions us they are termed via 
the senes and products which are fundamental in the 
Jacobian theory of elliptic tuuctions and m the theory of 
the theta functions These senes are of great interest also 
in the theory of paititions and divisions of numbers and 
were first used by Euler ior this puipose They were after 
waids the subject of mem iis b> fjiuss ( lausen larohi 
Heme and others 

In the development of the thee vy all wiiteis make use of 
the difference 

I he piesuit wiitei vanes this somewhat bv using a diflei 
ence quotient 


^(9^) 

X — gx 

It 18 noteworthy that while the difference operation has 
been bo extensively and effectively used little has been done 
in the use of the reverse or inverse of this operation By 
analogy this is as though in ordinary analysis mathema 

tioians had limited themselves to and neglected the 

integral In practice it has been found that f' u the 
fruitful operator 

Quarterly Journal of MatheinaHci No 163 1910 
the writer dealt with one or two special c^ses of the reverse 
operation showing such parallel foims as 


I 


1 +^ 


sin va 


1 + t 


d gx — 
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ia whieh r, denotes the writer’s basic gamma function and 
% (^) sigma function ol Weierstrass’ notation, tbe two 
integrals being coincident for the limit q->.l 

Notatiow. 

Tbe notation is as follows: 

4Wni!2i) 

^ x^qx 

A'* IS denoted ^ ( 7 ^) 

It is immediately obvious that when tbe functions under 
operation are diffemitiable or iutegrable, then for limit 
q — ^ 1. 

becomes 

In q-funotion theory, when n is a positive integer, 

(1+x) (l+^x) (l+/x) (1+^" 'x) = (l + ( 1 ) 

takes the place of 

(l + x)(l + x) to n factors (l+x)". 

Wheiv, n is not a positive integer the product (i) is 
replaced by a well-known infinite q-product 

n 

« (\ + xq^*^ 

We note that symbolically if 

411 i 

q. <^(x) - q^xr, (x) - <fi 'gx) 

<f>{x)=-4>(Qx) — <l>'x) 

so that by reversing the operation or inverting tUe opMUtor. 

then ^ - -operating on any function is equivalent to 

9x — X 

the operator A is equivaldttt to ^d(qx ) ; and in 

q9-~ 1 
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the limit (if the tunctions are integrable) we find 

that 

Sd(<7x) becomes S dx 
We note that just as 

x(0-\- t ) {e+P)y — {0) {9'^y l)i =0 (ii) 

18 a linear differential equation one of whose particular 
solutions IS the hypergeometnc senes F (a, fi,y x), io when 

+ a] denotes ( 1 - )^(l — q) we find 

x{B+ a] [6+0\y — M [0+7 — l]y = 0 (lu) 

as the q differential equation of the Heinean Senes 


1 _^( 1_^0 ( 1 — g)(l— q*)(l— qi' *) 

and associated senes 

The whole theory of the ordinary hypergeometric senes 
and the differential equation associated with it has its exact 
parallel in these q lorius The methods of Frobenius for 
solving (ii) have exact parallels in case (lu) I have dealt 
with this in the Amertoan Journal of Mathematics, Vol 
XXXII, No 4 , so make refeience only to that work in this 
paper 


I. 


The following may be of interest and perhaps stimulate 
some student of mathematics to develop the theory further. 
Epeciaily I would suggest much likely development by 
q-Integrals in the case of the basic Bessel functions ' 


^ Proc I ond Math Soc , 1904 Trans R S B • 1905 
From the obvious difference theorem 


1 


qx—x 

we see that 

Applying this to such a product of fonotions as 

F (—ax) 4f"“' 
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where B( — ax) is the fundameutal q-eenes 



or its product eqaiTalent 


1 

{l— x(9‘-l)} D) {l— l)( 

since [«] = (q«_i)/(q_i) 
we get by q-integration by parts 

5e( — aa:)jic“*d((7r)=^jl!,(— rfjr)+ii^5li( ax)ji' d(qi) 
Taking this between the limits U and CP, and noting that 

the term ^ ];,( ax) v unishes ioi both limits, it is obvious that 

[n] 

00 

ShC — ax)x’‘d{qx) 

O 

can define^ a tunction satisfying a q^diSerence equation 

»+ 1 )= «) 
aq 

buch functions I have called basic gamma functions/ 
written r^(a,n) and given product expressions for them 

The function in the lase a = l is (n)> and further 
when q -7 1, is F (n) 

' Proc Roy Socy , Vol 74, 1904 
II Change of Variabu 

Ihe question of change of variable arises very early in 
the manipulation of integrals Just as in the case of 
ordinary mtegrationi so here, simplification u often effected 
by a change of variable under the sign of integration 

ihe change in the case of q-integrals iS| however, not 
so simple as in the ordinary case Indeed possible changes 
aie very limited, and I have reason to think that the 
only possible change is that ol replying x in a function 

^ (x) bv i where x” = but even so manv interestina 
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theorems arise. Consider 

(‘v) 

putting jr'*^ 

Now a change of variable involves also a ehange of base, 
since in the operations ^ anti ^ we have qx substituted 
for X before taking differences. Let us suppose that Q is 
the new base required when the above substitution is made. 
This gives, since = 

(«) d•(^:r)-d(Q^) 

and the integral 

S (jr*) d(9x) 

u tranatomied into 


S4>{i)~^^f^d(Q() (v) 

Then if (f) is a function capable of expansion in 
a power series (Laurent) it is easily seen that to obtain 
the equivalence of (iv.) and (v.) Q must necessarily be q”. 

We thus see that when a variable x is replaced by { ' it 
18 necessary in q-integration to replace the base q by q". 

By this transformation we find that 

00 _ ^ 

S K (-aV) d (qx)=^^r^i 


corresponding to 



o 


Similarly, we may show that 




Sui-ra;) AT"-' d rQ(^) 


where Q^9‘ 

a {c) E (;--/) / (;— ^) 

We note that* in q-integration when the variable under the 
sign of mtegratioo is changed not only must the base of 
differences be elmoged but as in ordinary integration the 
' limits also. 

The q^doftnite integrals representing the solutions of 
q-diffei:ential equations for hypergeometrio series with 6 
elements or higher number of elements have been obtained 
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{American Journal of Mathematics, Vol. XXXll, No. 4). 
I refer to that paper for such I'esults. 

III. 

It will suffice to give here a set of examples of simple 
q-iutegrals. 

X 


§ 1 + * ^ [2] 


5 r 

n * 


+ * 

J 

+ 


d(qx) = X— + 


s — 

•? 1 + 


d(qx) — X 


(5J 


+ 


13J 

Jf* 

[5] 

[J] 


These series are perhaps more easily recognised in the 
forms 


1— « 
X 


i-q^ 


+ 


+ 


x^ 

15 


. 1 4 • • • • • • 

— 9 1—9 1 — 9* 

etc.^ well known from Jacobi's Fundamenta Nova/’ and 
also of great interest in the theory of factors of numbers. 
We can calculate numerically 

5 Air, 

■J 1—" 

for this integral can be shown to be 

/ / i 1 J- 1 J. -Ll 

‘'’*’^1 8 0 ^( 0 ) 24 ^) 24 J 

so S^%r)= 

„ 1 + ■*^ 2ir 


-Kk 


in theta function notation. (Cf. Whittaker and Wateov, 
“ Modem Analysis.”) 
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IV tiFNBKAl.IZ«T10:7 Ot BbBNOU1.LI’s ThBOREH 


I point out that iiom J<diu Beinoulli’a theorem 

/<l,{r)d{qx)-x^(x) (_) 

has a simple paiallel 

(vi) 

where <^''(x) denotes the n‘* buc< essive q difference 0 {x} 
This theorem gives at once a well-known transformation 
in theta functions 

a 


. _iiL+ 


(l— a) (I— 9 ) 




1— A 


(1— aj ( — aq) (l q) (l- 9*) 
This comes horn putting <f,{x) =7-^ in (vi) 

or ^ (*) = ; 


(v..) 


etc 


(I—*) (I -9*) (1— 9*Jc) 
we have an unlimited number of theorema of the type (vu ) 

which appeal first in Jacobi’s ‘ Fundamenta Nova” 

The writer would say that by taking 

®* +'i^+l3i7+ 

and dehning S^(a:) and C^(jr) lespectively as 

^ fij-3 

'nr“i3ri"'"f5r' • 

S (*) = E^ty) + b(— tjt) 

2i 

C,(y) = E,(ty) K ( — >jr) 

2 

Noting ^Si^x)d[9x) = C,(y) + constant 
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piogrosH luight b« made la the de\elopiueiit oi this theory. 
Coustante which appear in the q-integration aa in 
ordinary integration are periodic iunction conatants of what 
may be termed multiplicative periodicity, namely ui the type 

satistying a ‘tunctional equation 

(h an inteRer) 

In conclusion, I point out that the object of this note 
is not so much to introduce new work by the writer as to 
indicate certain lines of research for students who might 
wish to undertake such work. I see no reason why the 
operator ^d(gx) should not prove as iruitful in the develop- 
ment of q-Uessel and q-Hypergeometnc functions as the 
ordinary integral has proved in analysis of the Bessel, 
Hypergeometric, Gamma and Doable Gamma functions. 
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IHL Ol PHYSKS' 

B> R ( 1 UNNON M \ MV 

Ihe evistcu e of a geuti il oideilinesti in Natuie is for 
must s( untists u lundameiilal pc btulate We aay with Kant 
th^it the idea of cause and eftect is one of the given (.ategonea 
mthiut which knowledge ih impossible Yet there are not 
wanting now those who aie piepaied to deny tlm natuial 
oiderliuebb and it has hecouit of great importance to 
eikamine the ioundationa lueta^hynical and experimental 
ot those laws ol physics whobe puisuit m oui highest goal 
Phybical laws are the expression ot inviolable relation 
ships and these are found not from exact measuiements 
alone — foi every expeiiment is a sepaiate event — but with 
the aid ot worktng hypothesen Ihese facilitate the deduc 
tion of the laws from the measuieinents They are at once 
useful and dangeicus they ate the piodurt ot a well 
trained and active imagination not of logical processes 
The formation of a woi king hypothesis often involves 
mental leterence to some parallel phenomena in another 
field and herein lies its dangei for there may enter into 
ihe hypothesis some idea which la essentially alien to the 
held where lies the expeiimental maieiial awaiting co 
ordination The ideas of light and heat as foi ms of matter 
were faulty hjpothe^^es iii this account Electricity only 
escaped being called a substance because it was of two 
kinds positive and negative the ether did not escape 
Thin tendency to regard any unchanging magnitude as a 
substance Has often been a hiiideiing influence and it may 
be noted that the most recent developments those associated 
with Heisenberg and with Schiodingei escape it by refus 
mg substance eyen to elec tious or protons 

A working hypothesis becomes a law in the scientific 
world when its ability to correlate the experimental material 
IS geneially recogniied This need not take a long time 

' Basec] on an addre<«s by Max Planck pnntcc] in DU Satur 
joMtmchalten n l 249 1926 
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foi instance, we speak alieady oi the of relativity, 
though we still refer to the quantum hypothesis, whtcdi is 
in fact an oldei theory But the process of purging tile 
law from all foreign associations does take a long time 
Its creatoi has invaded the new country across some happy 
bridge oi imagination, bringing a parallel from more 
lamiliQi terntoiy, and he will be loath to examine the 
logical necessity of every step ot his path with complete 
luthlessness His lolloweis may accept the new and shining 
idea So it was with Newton’s great theory oi force The 
idea of loice grew iiom analogy with musrulai force, and 
seemed invaluable in its many applications (It is so still 
in the teaching of physics ) But it stood for no reality m 
the domains ot gravitation, of magnetism oi oi electricity, 
and by withdrawing attention liom the examination of the 
held where the foioes ” occurred, it hindered more 
fomplete explanations When it was seen that the less 
vivid idea of potential was a moie fundamental one, 
immediate progress was inadt Since oui ideas are hrst 
created from perceptions, piogiess will involve oui retaining 
(onceptual images But the laws themsehes must be freed 
from these, although then logical tonsequences must be re- 
translated into teims ot sense phenomena before they can 
l>e tested * The simplicity and generality oi physical law 
onl^ appeals aitei the abstiactiou oi every anthropo- 
moiphio element ” 

The most troilblesome element in physical law is time, 
probably because it is heie that we can least easily free 
oui selves from diiect perception Befoie considering its 
|ilace lu modem theoiies ot energy and relativity, we 
would notice that it is a factoi dividing all physical laws 
into two gieat groups Some laws are still vctlid if the 
time factor is reversed this is true in the domam of 
electrodynamics and of mechanics, apart irom fnction 
The others concern phenomena which come to an end m 
time, and these are irreversible, like the diffusion of one 
liquid into another, or the ccxihng ot a hot body The 
second dlass is the larger, and includes great and valuable 
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geneialisations like the Second Law ol Iheimodynamice 
It 18 noa clear that laws ot this kind are all approximate 
and are based upon statistical averages of enormous numbers 
of random changes Ihe theory of probability has had 
aiuaaing success in revealing the inward meaning of the 
laws oi this second class It has achieved this success bv 
assuming that the lundamental operations which are co 
ordinated in the laws are governed chance and hy 
chance alone Therefore we are obliged to ask whether the 
reversible laws are also founded upon purely landom 
changes — changes so fine as to have escaped separate analysis 
and recognition up to the present And because we must 
confess that no physical law has been pio\ed to be absolutely 
true it is possible that the answer is in the jositi^e 
Perhaps there is no fundamental orderliness in nature — that 
chance leigns not law We shrink from this conclusion 
Ceitainly its acceptance would have a baneful infiuence 
upon the prosecution of further research Science cannot 
spaie the postulate oi stiict causality although a few ultra 
modern scientists would have it so Ihere is in the time 
factor which has revealed this dilemma some quality which 
philosophy has yet to uniavel And in tEe interests ot 
sound piogiess science must not only believe in law but 
stiive until eveiy statistical law is i educed to prime- 
dynamical causes 

llelativity has set the crown on classical physics, in 
fusing the separate notions of space and time mass and 
energy giivitation and inertia into one whole It has 
done this partly by purging the idea of time from one of 
its false assumptions that events which are simultaneous 
to one observer must neoessaiily he so to another observer 
Its fruit IS the unassailably symmetnoal form which the 
laws of the conservation of energy and ol impulse assume* 
as equivalent deduotioiis from the principle of least action, 
the most comprehensive of all physical laws But it fails, 
equally with all preceding theoiy to co ordinate a number 
of simple experimental facts in all branches of physios — 
such as the values of specific heats at low temperatures, the 



wave-lengths oi periect ladiation the hbeiation of photo- 
electrons, to nam^ only three 

For these cleai iacts oni only workug hypothesis u the 
-quantum hypothesis — that energy is atomic, like matter, in 
many of its manifestations It has been employed with 
such success m so many different fields that we are almost 
toroed to conclude that we have stumbled upon a new 
hindamental physical principle ket lepeatedly it comes 
into direct logical contradiction of all previous physical 
laws That a mechanical system should permanently admit 
only discrete values of energy seems hardly deducible from 
a theory of fields working us usual with differential 
equation The method of De Bioglie ynd Schrodinger has 
made some progress toward a solution — but it has dispensed 
with the localisation of the mass particles and with strictly 
causal laws The very possibility of a system oi measure- 
ment which can clearly be brought into consonance with 
physical experience has been denied It is difficult to 
imagine that some new and crucial experiments could throw 
light upon these confiicting theoiies, as experiments have 
often done before We should rather hope that a deeper 
analysis of the principles involved in the formulation of 
the lawft of physics may soon be obtained, and that from the 
piesent penod of “ Sturm und Drang ” m physics there 
may again emerge a logical and all-inclusive unity 
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ON THE INHEKITANCE OF FOOD HAHITS IN 
THE HYBRIDS BETWEEN THE GEOMETRID 
IffOTHS P(ECILOPSIS POMONA HI A HB. AND 
/\ ISAJIKLL.I^] HARRISON 

Kv J. W. liESLOf Hakrison, I) Sc, Fk.SlC 

Ah an outcome of u m*ent unci appareutlv successful 
utteuipl (Harrison, 1927) to transfer one of tlie phytophagous 
llymenoptefu, l*ontanm mhcm^ to a food-plant other than 
that to which W liad been Hccuhtumed, interest was aroused 
as to Oie nature of the inheritance of such features as 
egg-laying instincts and food habits, and one naturally 
sjieculated as to whethei it pioceeded on Mendelian lines 
01 not. 

To decide this, no luateiial seemed more suitable than 
that provided by the Lepidopteia, for, assuredly, the^ egg- 
laying instincds and food habits in that gioup are inherited, 
thie has only to uatch a Small (*oppei Butterfly {Header 
/i/i/csoA), as it flits up and down some sunny bankside in 
seaich ot its food-plant, deliberately shunning the various 
planta presented and choosing even the tiniest scrap of 
Humex acetosa and R, acetoBella^ or to offer a newly hatched 
larva of the Brimstone Butterfly {Gone piety x thamnt) a 
choice of mixed plants (including its own Rhatnnui)^ to be 
convinced of this. 

The two examples just cited are not taken at random, 
for it is very necessary to discriminate between the egg- 
laying instinct of the parent insect and the food l^ftbit of 
the larva. For instance , if males of PeTge9a elp^ > and 
females of Celeno hippophcBM are enclosed in a cage con- 
taining Epilobtum and Hippophae rhamnoides, the respec- 
tive food-plants of these two hawk moths, pairings take 
place with facility, and eggs are obtained. All, however, 
are laid on Hippophae rhamnotdeM^ since the inherited 
instincts of Celeno htppophm Yelual||jlorce them to select 
that plant for oviposition. In due flke the emni hatch,. 
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but not a single larva will accept Htypophae as food; unlesa 
they are transferred to some species of Eptlobtunny the food 
plant ot the male parent, they perish iinserably (Denso, 
19U9). Thus we learn that the male insect plays its part 
in filling the food habit; in other words the matter is one 
of heredity. 

However, not all species are ^suitable tor the work 
projected* Clearly, it the research is to be satisfactory, two 
species must be soured; closely enough allied to provide 
iertile hybrids, but sharply separated ui the matter of food 
plant. Such a pair 1 thought I had available in the two 
Ueometrid moths Ypixpetes rvberata and Y trffasciata, 
two specdes regarded by such systematists as Meynck 
(1895) as one and the same, the former, nevertheless, 
attached m this area to sallow {Salts avnta) and the latter 
to alder {AItivh rolundtfoha). Reciprocal pairings between 
these two specdes were easily obtained, and so were fertile 
egg^. None of the latter, however, hatched, and work with 
these insects bad to be abandoned. 

Fortunately enough, crossings carried out in the 
GtKimetnd sub-family Uistomnes for other purposes 
fumished all the data required. As will lie seen in earlier 
papers (Harrison, 1916, 1917), the food plants of the species 
of this group vary with the genus ‘and only rarely with the 
species, the members of the genus Lycxa accepting as their 
larval food many deciduous trees and shrubs, and those 
appertaining to Nyssta favouring, similarly, such low-grow- 
ing plants as Achtlha Millefohum and Lotus comiculafus, 
111 the genus Poscilapsu^ P. pomonana and P. ruchelm 
peMake of the same food plants as Lycta, whilst P. 
lapponr i, not rejecting these plants, is to be found in 
addition on Erica cfHerea and Myrica Gale: on the other 
hand, PI %$abellir confines itself for food to the larch {Larts 
deetdua). 

Since Toyota hfrtarta hybridises with Nyssta grsbcarva 
and N. zonanCy it might be anticipated that tlm infoKmation 
sought would 1>6 obtainable from their various c fr o m c st 
Such is not the case fOr the hybrids are uhifortnly 
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titerile Notwithst inding tliib the cioHBingh between N 
qrfriarta and Y zonana females and L htrtana males 
supply a very useful fact and that (orrobative of the 
evidence of the Per gem Celerj^o hybrid mentioned above » 
not a single larva issuing from these two matings will eat 
Achillea They must be reared on hawthorn (Cratcegus 
eryacantha) or some other plant acceptable to L htrtana, 
again, without any possibility of doubt, the influence of the 
male parent is felt in settling the food habit Luckily^ 
no such check as sterility leveals itself in hybrids between 
PcBotlopnn pomonarta and P uahella. ^ although in the 
oiiginal experiments much loss was encountered amongst 
the emerging larvss, this was entirely obviated in later 
woik the Fj insects thus proving as fertile as the pure 
species 

II The Experiments 

Reciprocal matings were made between P pomonana 
and P nabellm, and the fertilised females allowed to lay 
their eggs in crushed paper, or beneath the imbricated scales 
of larch cones As many more larvm hatched than could 
be managed when full grown, the surplus was employed to 
test predilections for the alternative food plants To do 
this, the young larvm were enclosed in air-tight, glass 
topped tin boxes, some with hawthorn and others with 
larch 

Quite independently of the parentage of the hybrid, 
without a single exception, the former plant was accepted 
and the larch refused Hence, had the cross-painngs taken 
place in nature, that between xiohelUe female and pomonana 
male would have yielded no progeny, for the newly emerged 
larvae of that origin preferred death to eating larch, m 
spite of the tact that the female would have laid its eggs, 
under ordinary conditions, on that tree 

* Since Ptectlopsts tsabelUz is confined to Europe, and its food 
plant larch is a postglacial immigrant into our continent, it la 
mactically certain that isabellee is a very recent development from 
P pomonana 
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Ihese obitervatioiiH are not in themselveft at variance 
with \Cendelian expectation if one regards the hawthorn 
ieeding habit as dominant However the crucial teste M to 
Mendelian oi non Mendelian inhentanfe do not he in f ^ 
batches but are to be sought in the behaviour of back 
I losses and vaiious combinations 

Of the possible back dosses only those between uabelUe 
females on the one hand and males of the reciprocal 
hybrids on the othei were brought about although these 
were lepeated in succeeding seasons Tn both crosses nearly 
every ovum yielded its larva iind once more an abundance 
ot laivse could be spaied ioi food tests which were con 
ducted picciselv as with the 1, insects To my great 
istonishment inslead of being confronted with a refusal of 
laich IS betoie m every case in which it was offered I 
found it eageily accepted whilst hau thorn wis just us 
emphaticallv neglected 

In the oiiginal hack cioss between u iiahelliF female 
lad a mule of paieiitage tern lie x /oinonnrta 

naale veiv few insects weie bied although the percentage 
was substantially gieatei in latei batches incl in the 
leverse cios8 ThiH moitahty in my carliei work (1917) 1 
assigned to the »eleciive elimination ot sygoteB physio 
logically neater P finnonana when placed on a larch diet 
bvt the position can no fongei be maintained in view of 
lepeated failures to leai P nabella itself on larch derived 
from the same sources Besides such an explanation takes 
no cognisance oi the avidity with which the whole of the 
laivm devoured latch oi of the ciirumHtunce that the 
deaths lecorded weie not piefeiential to any instar or 
instars but were spiead ovei the entire jienod of larval life 

Nor were the conditions noted in the if, 1, and lots 
and the vaiioun combinations theteof lery different 
Irrespective of the paientage of these moie complex hybrids, 
or of the numbeis ot larvce hatching successfully in the 
different batches no effoit of mine could induce the larvie 
to feed upon larch every latva persisted in its preference 
foi a hawthoiu diet like its I j relatives 
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Tn addition to ihest i Tosses in which 011I3 P pomonaruf 
ind P tmhfllce paiiicipated matings weie secured between 
A yssta zonaria iein ileci and and 1 , mules ui the isabelhr 
\i\nd\e X pomonana mule crosses lud ilso between 1, 
lunales of the latter paientage and iu h, mule derived 
fi )m \ uoss between lapponaria femalt and poinonarin 
male Once again despite the disturbing factor introduced 
by a zonarta female i eared on ioktllea Millefolium and 
taken from a lace accustomed to the same diet every lar\a 
in the first two cases had to be provided with hawthorn to 
the abHoluie exclusion ot Achillea and I ar\x Moreovei 
the same procedure had also to be adopted with the batch 
o) iained from the third and more complicated cross 

III Discussion 

\s ae have noted the broods leiiid fell into two 
categories ui respect to food habit and as exact details 
to the parentage of the individual batches have not been 
supplied these are incorpoiated in the following list in 
which the food habit is also indicated 

1 Hybrids aaepitng only larch 

( 1 ) Isabella female x {tiabUlce female x poTnonarta 

mile) male 

(2) 1, {tiaheltfr i%m%\e x pomonarta male) female x 

nahellop male 

2 Hybrids accepting only haizthom 
(a) Crosses involving P pomonana and P uahellm only 

(1) r, pomonarm female x vsa&eZfa male 

(2) Fj uahella female x pomonana male 
( )) pomonana female x isahella male 
(4) Fj uahella femaXe x pomonana male 
(6) F, isahella female x pomonana male 
(6) F^ nahella iemBle x pomonana male 
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(7) [uabellm female x poTmmarta male) female xF| 
{pomonaria female x uabellcR male) male 

(8) {'pomonana female x male) female xF| 

[Isabella female x /a male) male 

(9) [tsabell I tern He x povionana male) female xF, 
(/ ahillf iexwHe X poinonai la male) male 

(10) [1 j [pomonaria iLuiah ximbelUe mde) lemale x 
[tsabellcc feiuilt xpotnonana male) male] 
temakx[lj (potnonana 1( male x itaZ/eZ/ee male) 
Itni'ile X 1 , [xmhflla ft m ik x pomonaria male) 
imlej male 

(i) r josses involving th<se and otbei sprues 

(1) maun iLmakxlj (i alnU i ii muk x pomonana 
male) ni'ile 

(i) /artartu temalexlj [ihabiU i teiiuh x pomonatta 
mile) male 

(1) Ij [nahflhr feiualt xpiiuonaiia mile) fimakxrj 
(//// potiona itmak x pon onana iinle) m ih 

So (leatl^ lit Isabella and porno7iana ditterenimted in 
respect to food plant, that one natuially^ expects the 
inheritance of this charactti to proceed on i Alendelian 
basis 1 ndoubtedly nothing oceuxs in the generation to 
upset this opinion if one giants that the hawthorn feeding 
habit IS domin<int 

\eiy diffeient liowever is tbt iiideme provided by the 
b^ck crosses lleie Ind stgiegation taken place in Fj 
gametogcnesis in lespect to ih< (hancter studied, two 
classes ot zygotes, or curring in equal numbers should 
have been lepiesenled Ihese as wc have already per- 
ceived do not put in an appeal ance, since every larva is a 
larch Itedei Except that in their cases the broods 
uniformly feed on hawthorn, a similai lack of segiegation 
IS displayed by the Ii, and othei more complex crosses 

Hence, any Mendelian elucidation of the situation on a 
single factoi basis fnils huithennoie the ponitioii is not 
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alteied hy any uH«>uinption of multiple iuctois determining 
the habit in question. Even then the segregation of these 
in i\ gainetogenesib ought to have been emphasised in the 
i^gotes of the hack-crosses by some larvse at least taking to 
a hawthorn diet^ and iu the F, and other lots by some 
feeding on larch. 

Segi*egution, therefoie, seems to fail, and indeed, no 
explanation approaching in the remotest degree a Mendelian 
type appears to cover the facts, unless one admits gametic 
contamination so that the genes *' emerge from hybrid 
gametogenesiK in an average or approximately neutral con- 
dition To be exact, 1 should seek to account for the facts^ 
as lar as food habit is concerned, on the liasis of a peimanent 
blend 

To such a view the Mendelian would be loth to subscribe, 
but still, with a slight adjustment stated below, it would 
afloid an adequate explanation not only of the assumption 
of a larch diet in the bac'k-crosses, but likewise of the 
acceptance of hawthorn by the other hybnds set out in the 
table. 

The oiiginal bias of the leciprocal F, hybrids toward 
hawthorn I take to mark the comparatively recent di\cig- 
eu( e of from poniortaria. In other words, it beema 

possible that "some traces of ancestral habits, latent in 
^gahelUe germ plasm, but stirred into activity by the 
abnormal conditions of the i\ organisms, have reinforced 
*the tendencies inherited from pomonarta. 

Here 1 would leave the position for the consideration 
of other workers, merely interjecting the warning that all 
forms ol purely maternal inheritance have been examined 
and cast aside because of the manifest influence of the male 
parent in so many Fj hybrids. 

LiTEXATUIUB CiTKl) 

Brirso. Contribution k I’dtude des Sphingides hybrides 
paldarctiques.’’ /ialf, Sor, l^ep frV/jcrc, Vol. T, Fasc. 
4 , md. 
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ON THE USE OE THE BLEACHING ACTION OF 
CHliOBlNE IN THE RAPID DETECTION OF 
EATTY OILS AND THE INVESTIGATION OF 
SOME OTHER SUBSTANCES AND STRUCTURES 
OF GREEN CELLS. 

B> Kathlrkv K Bi ACKbiTKN, D Sc , and Mhikion Thomas, M A 

1 Tiif \tion T^•(Il^Iu^T^ iNj) ris UsK IN Con- 

JCNCTION WITH (»SMl( IN TilK DkTEC'TION OF FaTTY 

Oils — We have touud during the courts of experimenta on 
the fat uietalwlisiu ol eeitain green cells, that it is some- 
tiineb dilKeult to gauge, even approximately, the oil content 
ot thebe cells by direct treatment with osuiic acid, and 
subsequent exaiiiiiiiition uiidei the iiiicroseope. Particularly 
has this been the case, when, as tor example in the young 
cellb of actively growing filaments of Rhtzoclontum 
hterot/lyphfcum, dense and fompact chloroplasts have 
obsc‘ured cell stiudures and the colour effects of staining. 

Excellent piepaintioiis, in whndi oil is retained and 
stained black, may be obtained in al>out twenty-four hours 
by fixing in Champy’s Fluid. This method is, however, 
too slow fur the piellmiuary woik o>6r a wide fieldi in 
which we are at present engaged, or for laboratory work 
by the student whose tune is limited. 

We have exploited the well-known bleaching action of 
(‘hlorine on jilant pigments to obtain rapidly preparations 
which, when suitably stained, show oil and other substances 
and structures more clearly than when the staining re- 
agents alone are used. When a green cell is placed in 
contact with chlorine water it is decolorized with astonish- 
ing speed ; this we have shown using algal filaments ; whole 
leaves of mosses, and liverworts; and sections of the leaves 
of feme, conifers^ and flowering plants. We ore consider- 
ing the chemical signiflcance of this bleaching action, but 
at present wo need only that alcoholic solutions of the 



f liluiuplast pigments aie also lapidly decoloi Jsed ^ 

It has long been known that halogens quickly kill plant 
tills Our observations indicate that arteiadb accompany 
diath only to a limited extent and we support Zimmer 
minn'* in his lecommendatioii of ihlonne gas as a iixing 
agent toi many alga such as Cladophota and Zyyneina 
indeed we have within hve minutes demonstrated the 
( liioiuosomeh at the inetaphase m Z^jnema by hrst fixing 
with chlorine water, and then stauuug with aniline blue 
We liavc however noticed that the protoplasts in cells of 
Rhi oolonium generall\ show some contraction after 
chloiiuatiou lurther chioiine w itei added diiectly to 
living cells containing oil diops detoim<c these drops and, 
simnltaneously an inteiesling speckled eftect appears 
possibly as a result of the local iormation oi additive 
compounds between chlorine and the carbon chains with 
urisatuiated linkages in the constituent iitt} acids oi the 
oil If however the cells uie hist treated with osniio 
Held and then with chloiine witei these defoiming and 
speckling eftccts aie not ippuicnt and a mount sc piepared 
shows even the veiy small oil diops is dark spheren against 
the bleached background 

\\ decoiiimeud the ioilowiug methed oi picneduic when 
it IS desired to investigate the oil content of green cells 

Immerse the sixtimen to Ic examined in a Iroi ol per cent 
oeniic acul pi iced on i shdt 1 c ive foi it least a minute Add 
chlorine water until the material is bleached— this may be judged 
with the aid of a hand lens for of course mtCTcx»copes should not 
be exposed to the corrodun^ nctioii of the vclatik halogens A\ash 
with \\ Iter and c\ imnie undci i covtrslij usin^ i high jiower 
of the muroscope ] relerabU an immersion lens 

On the accomjiunying plate uu attempt is made to 
illusti ite b> means oi photogiaphs the value of thu 

' Bromine water alsc reacts reidil> with the chloroplast pig 
nicnts but we clo not consulcr it to be quite is useful as chlonue 
witcr ior mic hrcxrlicmical methods is it seems to combine to 
give brown products with many of the suhstinces found in cells 

* Czai)ek Bicx^faemie dcr 1 n ui/cn 

* /immerm inn Botanicnl Miciotechniqiie 
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technique in demountiutiiig oil in gieen cells We have not 
coloured the illustntione, so they are not dh convincing aa 
were the preparation h themselves Howevei a comparison ot 
higs 1 d 6 which are photogiaphs of piepurutions treated 
with OHU 11 C icid only with ligb 2 4 b which are 
photogiaphs it the same pic pui at ions ittei subsequent 
chlorination certainly shous the cluitying effect of 
blea<hmg and that oil diops es|M<iull\ thi sihhII ones ate 
then more easily seen It n» alwiys possililt to t^ee those oil 
drops which m in pioximity to the nuii suitni it cells 
undet Tuicroscopic txaniin itioii but iiltei c hloiinatiun oil 
drops othei than thesi become Msible in bigh powei 
iiiicrophotography the depth it tea un is mi linnlpd that \\t 
cannot on the plate lUusti ite this ad\ int ege to the hill 

Using this technique we huie obtained good leuults 
with cells oi the gieen algve [eg species ui Rlnzotlontum 
(See 1 igs I and 2) 1 auiheria (Edogonutm Sgnogyra 
7ygnema THothnr ind 1 t^bonema^ with uhole leaves of 
mosses and liveiwoits [eg Plagtorhila (Figs i and 4)] 
and with sectionb of the leaves ot the highei plautb [e g , 
Pterts Tajrui (higs i and 6) Ihx and Ifttuba] In no 
case do we claim that ue aie lepoiting ioi the hist 
time the occ urrence ot oil in the green cells ot 
these plants 'We do claim Uoae\ei tint oui tec hiiujue u 
an improvement on the usual method of direct staining with 
osmic uid and because of this ue aie using it in mvestigat 
mg the conditions which govern the formation of fatty oils 
in green cells 

2 ( HLoamsiioK in Beiaiion lo iue Iannins in C^ils 

— Osmic acid is i educed by tannms giving a black product 
which lb possibly mainly composed of hydiated osmium 
dioxide ’ Hence the addition ot this leugent to cells con 
taming tannins in solution m then vacuoles, such as those 
of SptTogyra and the niesophyll of some of the higher plants, 
leads to the production of a dark colour which so masks all 


Lee Microtoinist s \ ade Mccum Sth edition 
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other eftectu, that it is nearly impossible to make critical 
observations ihis product is oxidi/cd with decoloiiaation 

chlorine watei, and so the value oi oui technique is 
enhanced We must, howevei, mention that the chlonna 
tion ot cells containing tannins, leads to the appeal ance oi 
a pale yellow-biown coloui, and this is no doubt due to the 
oxidation oi the tannins by the (hloiine water — a leaction 
which may be readily shown m the test-^tube 

It is well known that highly retractive globulai tannin 
vesicles are iound in the cells ol Zygnetnay and that these 
vesicles uie stained black b^ osuuc acid hence diiect tests 
with this leagent may cause them to be confused with any 
oil drops whicli may be picsent On the addition oi 
(hloiint watei howevei, the vesules aie decolorised and 
disorganised, leaMng the oil unchanged as yellow-brown 
spheies Ihe vesicles die also disorganised by bromine 
watei and by iodine watei, and we intend to investigate 
this phenomenon latei 

i lu£ BvCOGMllOlf AND LOCALIZAIION Oh blABCU AFTER 
CiiLOKiN iTiox —It 18 possible to show the presence ot, and 
to loc ahse even small quantities oi starch in ceils previously 
bleached with chlorine watei Caie must be taken to wash 
out the excess ol ohloiine with watei before testing with 
the iodine leagents, since the blue starch-iodide ” colour 
18 discharged b^ ohloiine Chloial hydrate-iodine 
(Srhimper’s solution) very quickly shows up all the starch 
giams, init it distorts them, and because it also profoundly 
dismtegiates cell structures, it is not always suitable 
tor IcKahsing the grams with exactitude Strong solutions 
of iodine m potassium iodide stam the bleached chloroplasts 
a deep brown, thus making it difficult to see small starch 
grains 

By using saturated aqueous iodine — a reagent quickly 
piepaied by beating iodine crystals with water — ^we have 
obtained neat prepaiatious showing veiy small starch 
grains within the bleached chloroplasts of Sptrogyra, 
Rhuoclontum, (Edogoninm^ and Funana This use of 
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aqueous iodine attei (liloimatiuu is a \uiiatKn of oldei 
inetliodb and may sumetiiues prove useful ilthough in 
piactice we have not always found it completely satisfactoiy 
4 lill< Tn\1!iS 1U \110N (KIL SlRUfllB>S 
CinoKiNArroN — Wc ha\e ilicady mdicited that chlorine 
water fixes cell stiuctuies satisfactorily Hencr it is a 
useful leagent in lapid mvtsiigations of the chaiicters of 
these atrui tuies m gieen c ells Foi example aftei (.hlonua 
tion of the i ells of the green algce the n umbel of nuclei, the 
sliapes of tilt thloioplists (he posit it ri ind uumbei of the 
pyienoids and then lelation to staidi miy be readily studied 
b\ st iiuiug i^]th sudi d>es is iiiiliiu blue oi 'iceto caimine 

1)1 S( HlPriOIs ()1 HIT VlMh 

Mu lopbulogiaphs taktn on Pauchiomatic pHtes using a 
2min Iieit/ apochromalic objtrlm These show the 
appeaiuntt of tissues fust aftei iddiiig <i per crut osmio 
'icid and second aftei subsequent bleat hmg of tht chloio 
plast pigments with rhloiine wait! As neaily as possible 
the same focus was used lu making e ich pan of photographs 
figs I and 2 — Part of i filament of lihtzo( lonitt n hiero 
yljfphicum {x7iV)) lig 1 before chlorination 1 ig 2 
the same cells aftei chloriimtiou 
Figs 3 and 4 — Tdcsophvll cells liom i section of a leaf of 
loans baccata ( x 47U} Ihe palisade cells are on the 
light and the spongy cells uie on the left of the 
photographs fig 1 before chlorination Fig 4 the 
same preparation after chlorination 
Figs 6 and 6 — Cells from a whole leaf of Plagiochtla 
asplanoides ( x 600) Fig 6 before chlorination Fig 6 
the same cells after chlorination 
A comparison between the pairs of photographs described 
above, particularly between Figs 1 and 2 and between Figs 
6 and 6, will shew that the bleaching of ohloroplast pig 
mente so clears the background thi^t oil drops eepeciallT 
the smill ones are moie readil> seen 

Reference is made to the plate on page 204 of the text 



A iliULUijICAL l^\>'^ilbAllON Oi IHIl 
( OAL iSl KLS S>Dl\[]iiXlS Oi DURHAM 


Bv J >HN ( KfciihTi M Sc ^DuikIui) Di Kcium Ndtiirahum 

(I rague) 

Uwmg t> the I'M o fold luck >t ^ell e^tabliahcd seam 
coiielatioub and recogiiiziible fossil bands no well defined 
horizon existb in ihc coal nieasuics sti ita ol Ihe Dux ham 
coal held 

lhat it Is possible to coil elate locks by means of then 
nuneial content and as a coiollaiy to this to retogniEe 
definite lioiisonb maiked b^ a definite aiweinblage oi 
mineials has bteii pioved in the >il helds of southern 
U S \ ^ H li Milnei has ilsu shown tlu value of the 
miueial issemblages of luc ks in pioving c ontempoianeity ‘ 
ihe present reseaich was undei taken with the piimaiy 
aim oi liHcoveimg whethei oi not theie evxated in the coal 
nieasuies sti ita oi Duiham cithei any band oi leaks with 
a nuneial issembluge sufbcieiitly difteient from the rocks 
above and below to be distinctive and lecogniiable ox a 
change m the imnexxl aHseinbiage at some honaon in the 
fltiata sufhciently gieat to Ins distinctive and lecogniaable 
One lesult oi the work has l>eeu to show that duiing the 
peiiod oi time xepresented by the sir ita examined (via, 
iiom below the \fai shall Oieen Seam to the highest known 
roil measure beds in Duiham) the same paieut rocks weie 
being laid uudei contribution in order to provide the rool 
nieasuit sediments Hence theie cannot be any well marked 
ill ingt in the miueial asMemblage in the stiata at any point 
During the deposition oi ihe Hediments it would be 
possible ioi localized ton dll ions ut tianspoitation and 
deposition to cause concentration of ceitain minerals in 
paiticului places In these places the relative propoitions 
of tht imneials would be veiy different from that generally 
found throughout the strata Such abnormal concentre 
tions h ive been observed at certain boruons in two places 
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J*iguie 1 gi\et» a diagiuimuutit view oi the codl-meaeum 
stiatu and shows the relation of the samples examined to 
the I oaJ seams It will be noted that the strata have been 
^tampled from just below the highest seam in the coal-field, 
1 e , the Closing Hill Seam, to some 300 feet below the Brook- 
well Seam, and well below the lowest workable seam in the 
( oal-field, 1 e , the Marshall Green Seam 

ESach specimen was ciushed carefully (not gionnd) in 
Older to sepal ate all grams, leaMug no composite particles 
Ten giamme samples were used, and by means of the 
settling method, the cla^ ind hne-silt giades (i e , all 
material below U05 inni diaiuetei) weie removed 

Some time was spent in determining experimentally the 
depth oi watei necessary, and the time requned to allow the 
^*edimeni to settle for various giade separations By actual 
trial and measuring the grains undei the microscope, the 
lollowing Table was compiled 


Grade 

Height 

Time 

0 01 mm 

0 05 „ 

01 

02 

0 25 

03 , 

0 4 

4 5cm 

10 0 . 

14 0 

20 0 

25 0 „ 

32 0 . 

470 

5 mins 

55 5 secs 
210 . 

100 

10 0 » 

10 0 . 

100 


Having separated the clay and hne-silt grades, the dried 
I esidue was sepai ated by means of Bromoform (speoifir 
gravity 2*86) into a “ heavy ” and ** light crop The 
heavy ^i*op was weighed and the percentage of heavy 
minerals recorded 

In order to make an accurate comparison of the relative 
amounts of the various minerals occurring in the different 
Hpecimens, the following procedure was adopted After 
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FIG I 

Showing; the Position of the Samples Examined in Relation to the 
Principal Coal beams of the Durham Coalfield, and also the 
Relative Proportions of the Various Heavy Minerals at each Horuon 







sm I 

««n 



[EPmnailElDHHBHHEII 
tKTfiEinaEiaiaiEiBiEianiHBBiaHanHi 
[■tnurannBFinDinianninHEinMHai 
[ ■gnncn naaanaaBBaBBBEiBBBMBBi 

[Ef«E!EiEi5S5a5Ei555r 

mm 

lKnra3iigaBnanaBgL===^ 

"’iiiiiimiiiiiiiiii 





iKaiEaiiaBiiBonBmiBneanBBBBBBi 
[EsiicanaEiaaBDBnnBBBBBBSBoai 
[■^naHoanppHWHOHBMwawMwi 

, IBIIIIIBIIimBBIBI 

[u«u)ioaunuaaiipnPBatanHHPBHHi 


[■mznDtjanuuuBniiiiiaBBaBBBai 

[■^QannDnnBnunnHBPPHHPBapi 



cmiEianaBnHHaniiBBBnBBBBBBi 


A n««f^AL % amw«t 

A fWlAMA 14 VMBNT tUT 4CLXrw< MQVflT « MT 1 



having determined all luineraU in a preparation, some 
twelve to twenty fields were examined microecopically, and 
the number of the various minerals in each field noted. 
An average relative occurrence for each mineral eoald then 
be calculated for the specimen. This gave a basis from 
which Tables such us Figure 1 could be constructed. The 
numbers shown in Figure 1 indicate the relative amounts 
of the minerals. 

Til order to show the pei^sistence of varieties of minerals 
\erticully in the strata, the method shown in Table 1 was 
adopted. 

Tkciinique. 

la oidei to obtain the percentage of heavy minerals in 
each specimen, it was necessary to take a weighed quantity 
of the original rock. As it was necessary to know what 
minerals occurred in each rock, it became important to 
determine the exact size of specimen to take. Obviously 
the larger the sample examined the more representative was 
it Iikel\ to l>e with regard to mineral content. 

It was found that 10 gramme samples were, from the 
jK)int of view of economy of Bromofomi, and speed of 
separation, the best to use. Not being satisfied that 10 
gramme samples were representative of the mineral content 
of the rooks at the horiions sampled, six specimens were- 
selected which had previously been examined by means 
of 10 gramme samples. In each of these six speoimene, a 
kilogramme of rook was crushed, and panned to some 40 
grammes. This heavy residue was then separated with 
Biomuform and the heavy mineral crop examined. 

In no case was any heavy mineral found which was not 
found in the 10 gramme sample. Table 1 shows for the 
four principal heavy minerals (zircon, garnet, rutile, 
tourmaline) the varieties found. It will be noted that a 
kilogramme yields more varieties of the minerals recorded 
than does the 10 gramme sample. 

Because the same parent rooks have contributed similar 
minerals and varieties of minerals throughout the period 
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TABLE I 

Showing the Vanetios of Zircon, Garnet. Rutile and Tourmaline, 
in the Coal Measures of Durham. 
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lepitMutid hy the jocks uudei investigation nothing has 
been lost by not cxuuiinmg panned suupJes oi each 
spcciitien IS well is the. tO gi amine s iinples In cases where 
rotks lie under investi^ itiou icpiesenting a peiiod of time 
duiiug whuh at ceitam inteivuls hesh patent locks ot 
different type weie laid under contribution it would be 
necessary to trace all mineials and also all varieties of these 
miueralb Hence both ID giaiume and panned kilogramme 
samples should be examined in invesii^tions similar to the 
present one 


VllNbUALS Oy XHt Hi<AVY ( KUP 

liguie 1 shows for each specimen examined 

(а) I he percentage of heavy mmeials 

(б) Ihe vaiious heavy luineials and then iclative 
amounts 

Ihe distiibution it the vaiieties of the foui piiucipal 
heavy minerals aie shown in lable 1 

It will be noted from biguie 1 that the peicentage ot 
heavy minerals in individual specimens ranges up to 31 48 
per cent ihe aveiage peicentage of heavy mineials for 
the strata is 5 46 pei cent Ihose rocks in which the 
percentage oi he ivy mineials is gieatei than 3 45 have 
either large amounts oi biotite decomposition pioducts or 
of siderite oi both often with pyrites in addition Those 
rocks without these secondary nnneralb in piedoiuinating 
amount have a veiy small percentage of heav^ minerals 

Since the bulk oi the evidence afforded by the minerals 
of a rock legarding the paient locks is to be obtained iioni 
the allogenu minerals and since these minerals are the 
only ones upon which evidence ot mineral horuons ran be 
based the allogenic miueialb ot the coal measures strata 
have been examined in detail ihi four principal heavy 
mineials found (rircon garnet i utile and tourmaline) will 
be clescnbed in detail in ordei to illustiate how deductions 
regal ding the origin of the coal measures sediments were 
ainved at 
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The Foutt Principal Am^obnic Heavy Minerals. 
Zvrcon. (S«e Figure 2.) 

The following seven vniieties ot xircon are found in the 
coal-measures ot Durham • 

(а) ColourleHs cleai, usually pyramidal prinmH; rarely 
basal sections ; unworn or very slightly worn ; facets 
always present ; mclusiuns almost invariably 
present. 

(б) Colourless, clear, moi*e or less niunded; no facets. 

(c) Grey, clouded, dull; very much worn ; no undamaged 

facets; often *on€Ml, 

(d) Grey and pocked ; dull, often blistered ; very worn 
and louiided; often potato-shaped an^ bent. 

(c) Pinkish-grey; clouded; otten zoned; fairly well 
rounded; no facets, often the remnants of double 
pyramidal prisms shown. 

(/) Yellowish-brown, usually with pyramidal prisms; 
occasionally .very worn and rounded; usually no 
facets; birefringence colours indistinct. 

(g) Pale gi*een ; well worn and rounded grains ; no facets ; 
birefringence colours indistinct. 

Oamet^ (See Figure 4 ) 

The following five types of garnet have been noted : 

(а) Pink; well rounded outline; somewhat pocked 
surface; cleavage present, but not incised. 

(б) Colourless; raggetl and toothed outline and rough 
surface; distinctly cleaved. 

(r) Pink ; otherwise similar to variety (h) 

(d) Colourless; incised cleavage not intensely developed, 
hence the mineral has an invgular but not a ragged 
toothed outline The step-like surface is a striking 
featuiv. Where grains have broken along a plane 
of cleavage, “ flakes ’* of this variety yield colour- 
less uncleaved grains with bright smooth surface and 
somewhat regular outline. , 

(e) Pink, otheiwise similar to variety (J). 
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Rutile (See higme 5 ) 

The foUowiug six vuiieties oi i utile were difierentiated 
from one anothei by lueaas oi colour, and each again sub- 
divided according to habit 

(a) Dark Drown to Black 

1 Euhedial prisms with iacets well preserved , 
usually with bioken iriegular teimmations, 
oicasionally with pyiamidal facets well 
pieserved 

2 Broken ii regular giains showing no facets, 
piisniatio toim sometimob distinguishable, often 
libbed parallel to the prism edge 

3 Long, slender, clear needles 

(b) Amber 

1 Prismatic giaius with iacets preserved, with or 
without terminal facets or pyramids Slightly 
pleochroic 

2 Broken, worn stumps similai to vaiiety 1 

3 Iriegulai, broken grains 

4 Luhedial grama, with six, seven or eight sides 

(o) OreeMeh^Drown 

1 PiiHms with iacets pieserved, terminal facets 
present 

2 Broken grains similar to variety 1 

3 li regular broken grains 

(d) Furpluh-Brown 

Slender prisms with iacets Terminal facets 
occasionally pieserved 

(«) Foay-Red (pleochroic) 

1 Double pyiamidal pnsms , also prisms with 
broken terminations Facets well preserved 

2 Tmy grains, apparently the worn stumps of 
prismatic grams 

3 Large and small grains of irregular outline^ 
evidently broken from grains originally large. 

4 Long slender needles 
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(/) 1 ellowtsh Brown and irolden 

1 PriftitiB with teiiiiin4l i^ucets oi 1 loken ii regular 
tei minaiions 

i Small grams evident 1^ the vvoiu stumps ot 
variety 1 

J Needles long and slender With oi without 
tei miuul facets iSisi faces well presei\ed 

TouTTnalxne (See higuie b ) 

iwc principal viiieties of touiiuiliuc nc distinguish 
able 

A liny euhedral pi isms usually ^ith pyiainidal 
terminations often slighth irunded and geneiuli} 
partially decoloiieed 
13 1 aige giains 

In \aiiety A the colouis uit uiaiulv sh idi s of blown A 
few bluish gieen and blue gruiis weie noted In lable I 
the numbers 1 to 10 conespond to tho \aii us colours noted 
m variety \ 

Vaiiety B is divisible into Ihiee cl isses 
(n) Prismaiu with one oi both pyianndai teimin itions 
cn iriegului or broken tei uiinatioiis Gent rally 
somewhat lounded facets rnic ]y pe? fttt Inclubiona 
ill iisuilly present Numhiis 1 to 11 in lable 1 
(oirespond to the iaiioua colouis thise are mainly 
shades of blown \ tew giains with greenish tintd 
were found 

(b) Usuallv veiy uuguiai prat tu ally unworn grains 
apparently broken poitions of giains similai to 
variety B(<i) 

(c) Woiii lounded grains showing no facets or crystal 
lonn The eolnuis aie maiiilv shades of blown and 
green 

Tm lIlMOHi AND PaHENI MciChS OF TUB ZlRCUNS 
Vaneties (a) and (i) are both from the same type of look, 
namely igneous or metamoiphic rooks which on denudation 
yielded cleai colourless sircons usually containing intlusions 
Yanetr (b) resulted from the denuded material having 
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undergone attntiou before being finally deposited Ibu is 
borne out by the fact that (6) is usually the predominant 
variety in the finer grained sediments When \ ariety (a) 
occuis in the finei gi amed rocks the crystals aie usually 
long and needle shaped with quite uuwoin facets showing 
clearly that they hid l>etn earned into their pieseut position 
as inclusions in mica which ibounds in these finei grained 
rooks Such needle shaped pi isms are absent in the coarsei 
sediments where mica is usually scarce and the rirc ns 
are relatively laige sized 

Ihe frosted suiiaie and consequent clouded appeal 
ance of variety (c) has been caused by piolonged attrition 
The ex ti erne r jundiug and il seuce of facets lends furthei 
suppoit to this conclusion Lhe evidence of extieme 
attrition shows that this variety has had quite a diffeient 
histoiy fioin the grams >f \aiieties (a) md (6) 

In some of the finer giained rocks variety (o) forms the 
whole of the mreon crop except for a few tiny colourless 
pnsms of vaiiety (h) or of vaiiety (a) Variety (c) is by far 
the predominating member of the sircon family in the 
coarser giaiued rocks It would seem that the parent rooks 
of (c) supplied a large poition if the material of the coal 
measures sediments 

P Armstrong' concludes that 

(а) Phstering of zircons may take place in igneous rocks 
due to resorption 

(б) Blistered rounded sausage shaped grains may 
occur l>oth in ortho and para gneiss due to local 
melting and coating of the grains 

(c) The shape of rirc ins cannot be used as a criterion of 
deiivation from ortho or para gneiss 

Undoubtedly zircons of variety (d) are from a different 
nltimate source and have had a different history from 
varieties (a) (b) and (c) 

Zircons of variety (e) are identical with the type that 
Dr Mackie has named Purple Ziicon He has shown 
these to exist in formations ranging in age from Lewisian 
Gneiss to present day deposits * Further^ he has shown 
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that the Lewman (jineiM is the ultimate souice oi puiple 
aircona of latei ioiraatious 

Ihe piesence of puiple /neons ih uo piuoi oi diieot 
(lenvatioii iiom 1 ewisian Clneias locks Ihey may be 
present owing to denudation oi sti'ita containing purple 
zircons and oi inteimediate age between Lewisian Gneiss 
and coal measuies 

Ihe extiemely worn appeal am e )i the giains oi this 
vaiiety and its small amount in the coul measuies compared 
with its umiunt in stiata known ti be deiived diiectly from 
the Lewisian Gneiss lends weight to this conclusion 

ihe parent lotks of \aiiety (a) iie undoubtedly either 
Acid or Inteimediate igneous rocks oi metamorphic rocks 
situated it a Jelatively shoit di tin c fi m the oal measure 
area of deposition 

Variety (6) is a worn iaeies of a vaiiety similai to (a) 
and may have lesulted from the denudation of igneous oi 
metamoijdiic locks situated it a leiatnely shut distance 
from the coal measuie niea jt depcsitiou On the uthei 
hand this vnnety may have resulted ir lu the denudation 
of sedimentaiy locks containing zinoiis siiinlii to those oi 
variety (n) 

Sedimentary looks have most piobably contiibuted 
variety (c) It seems impossible that such gie^tl\ worn 
grains could result iio u the (Unudation oi igneous oi meta 
morphic rocks and be deposited in such 'i state oi extreme 
attrition Ihey have undoubtedly pissed through at least 
one intermediate sedimentary loc k stage 

Judging iiom its worn appearance vaiiety (d) has come 
either Iiom an igneous oi a luetam rphi rock ly way oi an 
intermediate sedimentary lock 

As slated above variety (e) has most piobably come to 
the coal measuie from the T ewisian Gneiss via an inter 
mediate sedimentary senes 

Zircons similar to variety (/) aie lepoited in gianites 
and gneisses Ihe extremely worn appearance of the group 
suggests derivation from some intermediate sedimentary 

senes 



Ibe It ell worn ancons ronstituting \aiiet\ {^y) aW 
suggest denyatios from souie lalermedi'iit sedimeutaiy 

IOC k 

Ini HiMuuy a\d Rckks ot int Co\t Mi't&tRts 

Garnets 

The hve vaneties ot garnet aie distmct iiom one anothei, 
but the Higuihcauce of the diftereaces la not readily apparent 
Somewhat lounded pocked garneta aie reported by many 
in\ estigators and such garnet lorms are said to bt due to 
solution Possibly this may be the explanation oi the pock 
mg of \ uietv [a) 11 this is the cise ihc solution mu>t 

have taken plate before thi gaiiiets leached the coal mcasuie 
area ol deposition, because othei garnets, quite unafierted, 
occur iloug with vai lety (a) m the same locL specimen 

^Hlletles (/>) and (t) dihei only in colour vaiieties (d) 
and {e) ilso dider onl^ in coloui It was noted that the 
(be) gioup was iluays in leiy small grams while the 
{d e ) giains weu \ciy otteu much laiger than the average 
gram siae of the assnciated mineials oi the containing lock 
apeciiueu It would ippeai that the c ) group has been 
subject to gieater attiition than the {de) group Ihis has 
resulted in the intense cleavage, and owing to the innate 
brittleness of the mineral, the ex ti erne ii regularity of out- 
line and surface The smallei sire of the (be) group is 
im doubt a lesult oi extreme attrition The {d e ) gioup 
has suheied less attrition, therefore the grains aie largei, 
less cleaned and less intensely broken and ragged than the 
(be) gioup It seems probable that the (be) group has 
come to the coal measures from an mteimediate sedimentary 
lock senes 

The Histohy atoi PAn*NT Bocks of the Coac Meischf^ 

Butilbs 

The six varieties of rutile (a) to (/), are dutinctne owing 
to colour dilferenoes Minor sub*divisions of each aie 
based upon differences of habit 



226 


Variety (a) especially (a)2 is \ery peisistent Othei 
Turieties octui vezy spasinodic ally indeed lutile appealed 
to give grounds toi hope that its varieties of coloui and 
habit might enable it to be used as a zonal mineral until it 
was lealired that petiologists ite not ^et decided as to 
\ihich of its tornib are uutlugtiue and which allogenic 

^ anety (6H causes spocuuen li 1 to have a very dis 
tinctne he'ivy mineial ciop Until it is known dehmtelv 
that vatietv (2;)4 i& allogenic it is useless to attempt to 
utilize It for any zoning purpose^ 

Ihe (a)2 variety ot rutile is piodommant m amount^ 
and ih undoubtedly allogenic in the coal meubures Its 
wont Orokeii appeatame mdic ites se^iic attiitinn either 
vii a foiiuei sediiubutaiy senes oi le( luse ot deiivation 
irota lotks (scdniautarv igneous oi metamoiphu) situated 
fai fioiu the loil measuie aiea oi deposition 

Since variety (a)l is quite undamaged by ciushmg 
duiing the prepaiation of the haiiiples it is probable that 
the broken ends and slight damage to facets shown in variety 
(a)l ih due to attiitiou during tiunspoit hom the parent 
rock to the coal measuies 

Variety {a)6 ]udging trom its peifect foim and unsworn 
facets, may be authigenic 

What has been said of vaiiety (a) is equally applicable 
to vaneties (ft) (o) (e) and (/) 

Variety (ft)4 lends distinction to the heav^ mineial 
crop m which it occurs Its histoiy is undoubtedly very 
different from that of {a)2 for example Ihe excellent 
state of preservation of form and facet gives strong support 
to the conclusion that the mineral has been formed tn ntu 

The Hisioa\ and Pkkent Bocks oi ihe Tourkalines 

l.he tiny touruialine giains of variety A are in the mam 
pale coloured, and have apparently brnn bleached The 
large grains of variety B do not shdw signs of bleaching to 
nearly such a great 6:i^nt 

Yanety A occurs m much less amount than B, while 
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B(a) and B(6) are mout peiHistent in occuirence and largest 
in amount A aiiety U(c) is vciy distinctive owing to its 
louudnebs oi outline and intensity of colour 

Blue tourmalines aie very rare and lew in number, 
blown lints are by lai the most prevalent, while pinkish and 
1 eddish stiaw tints are sti iking and liequeut in occurrence 
While varieties A, B(a) and B(h) may not have been 
derived from sedimentaiy loc ks the extieinely woiu appeai- 
anre of B(^) suggests deiivution iiom sedimentary rocks 
Ihf Hfmaining Aiioonic Min>rals 
lu addition to rircou, gainet, i utile and touimalme, the 
toal-measure sediments cairy the tolloHing allogenic heavy 
mineialb 

Apatite 

M^netite 

Chlorite 

Kpidote 

Ilmenite 

Sphene 

Sapphire 

These mineials have been examined and deductions made 
regarding their histoiy and parent rocks, as was done in the 
case of the four principal heavy minerals 

Sapphire (see Figure 3) is a very distinctive mineral, but 
occurs at too many honsons to be of any value as a zonal 
mineral 

The minerals of the light crop aie quaits, felspar and 
mica Chert was present in nearly every specimen 
examined Quarts is always predominating in amount, 
felspai and mica are variable in their relative amount 

1 he qnarties are of two types angular grams with facets 
frequently pieserved, also subangulai grains The former 
^em to have had a different history from the latter They 
appear to have undergone much less attrition 

Of the felspars, a few fresh orthoclases and microohnet 
are occaaionaily seen Small angular chips of plagioolase 
felspar showing albite twinning are usually fresher than the 
larger plagioolase grains Ohgoclase, and occasionally 
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grams oi labradonte, have been noted Ihe bulk of the 
felspar^ however, la so highly alteied that determination of 
the type oi felspar is impossible 

The fresh orthoclase is strong proof of acid igneous rooks 
having contributed material to the coal-measures sediments 
Most piobably some of the fresh microchne and some at 
least of the plagioclases have been deiived from the same 
source 

The highly altered iniciocline suggests deiivation from 
an intermediate sedimentary senes 

Muscovite, with and without inolusious is invariably 
piesent in the finer sediments In the coarsei rocks the 
muscovite usually contains inclusion b 

Biotite IS occasionally absent It occuis in various 
states oi decomposition and dec o&riration 

Tus Pablm BocKb OF THi!. Coat-Mfasuke Sediments 

From the evidence uftorded by the allogenic mineialsr 
of which the foregoing is a brief review the following list 
IS drawn up {See Table on next pafie) 

From this list the following deductions an made 

1 In ozdei to account for the piesence of apatite^ 
orthoclase felspar in fiesh condition, and quartses with 
facets preserved, it ts necessary to postulate acid or 
intermediate igneous locks amongst the principal parent 
locks of the coal-measures sediments of Durham 

Such parent locks would be able to supply aircons of 
varieties (a) and (6), possibly some of the rutiles, 
tourmalines of vaiieties A, B(a) and B(6), 
magnetite, chlorite, epidote, ilmenite and sphene 

The evidence deduced from the appearance of the 
apatite, iircjon and quartses, supposedly derived from 
these parent locks, points to such locks having been 
situated at such a distance from the area of deposition 
as to prevent ady great attntion of the grams. 

2 Sedimentary rooks must have contributed 
material to the coal-measures This is demonstrated by 
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ziicon<9 of vaiieties (c) to (y) by ^me ot the felspaitt 
(e ^ decayed microdint) and the veiy worn quartzes 
Such jjiieul lock^ \iould also iccouut loi the garnets 
intile8(\ui tuN (fl)l (/^)1 { )1 (/)l (/)1) ilsj touimalme 
ot vaiicty (t) 'lud possibly >t v V ind pt^ihapb 

some ot the magnetites chloiitis and ilnuuites 

1 he ahsenit of the Stiess Mintials in any 
lepiesentative fashion as i )up points to the tact 
that schists and gneisses have not diierily contributed 
to the coal lueasuies sediments 

It would stem thtiefoie that a pie c oal nicasuie sedi 
mentaiy senes plus uid n mtennediatc igneous rocks 
^oi both) were the chief souiies if supply of the coal 
ititasuies sediments 

rH> I ot \T10\ Ol im PlRl-M Hoc KS C)1 lllE ( OM 
Mf^surfs 

ludging iioni then age and geogiiphicil siluition the 
igncMius locks of the following aieas suggest themselves as 
possible souices il the igneous loc k mateiial of the coal 
meisuies 

1 J dke J)ist}]c 1 

2 Sontheiii TJpl inds 

^ Cheviot \iei 

The Table on following page shows at i k 1 mce the principal 
Igneous rocks with their igt uid degiee of acidity in these 

three areas 

In considering the paient locks ol the coal meisuies 
sediments it was concluded that they must have been 
piincipally 

1 Sediments of pre coal me isure ige 

2 Acid or intermediate igneous locks (oi both) 
ludging fzom the ibove lable it would seem Ihit the 

Igneous rocks of the Southern Uplands have not cMintrihuted 
directly to the coal measures of Durham Whether the 
granites and associated igneous locks of Galloway have 
contributed is not quite so easy to determine Because of 
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Region 

Age of Rocks 

Principal Rock Types 

Relative 

Acidity 

Lake 

Di<itnct 

Borrowdale 

Volcanic*; 

(Ordovicnn) 

\ndesite & Basic Tuffs 
Tuffs & Breccias of 
Medium Acidity 
Pyroxene Andesites 
Au^ite Andesites 
Rhyolites 

Intermediate 


Lower Old Red 

Sandstone 

Muscovite Biotitc 
Granite 
(Greisenised) 

Biotite Granite 

Acid 



Andesites 

Intermediate 

Cheviot 

Old Red 

Xufsite Granite 

Acid 

Area 

Sandstone 

Biotite i-orphvntes 

Intermediate 



Quartz i*elsite8 

Acid 

Southern 

Ordovician 

Old Red Sand 
stone 

Diabase & Diabase 
Porphynte 

Andesites ft Basalts 

Basic 


uplands 

Carboniferous 

Andesites ft Olivine 



Basalts 


Picrites 


Ultra Basic 
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the abandanue ot ephene m the Galloway rooks and its 
absence in the Millstone Gnt of Yorkshire, Gilligan^ deoidea 
that the Galloway rocks ha\e not contributed to the Mill- 
stone Grit Only one gram of sphene has been found in 
the ooal-measuies, which points to the conclusion that the 
Galloway locks did not eontiibute to these sediments 

Rastall and Wilcockson^ have shown that the igneous 
rocks of the Lake District contain, amongst others, the 
following mineials pyrrhotite, anatase, andaluhite, and 
brookite These minerals have not been found in the coal- 
measures 

Pyrihotite is an unstable mineral and therefore could 
easily disappeai, hut anatase and brookite are both stable 
minerals, while andalusite is moderately stable, therefore 
these last three minerals lould be expected in the coal 
measures it the Lake District rocks had contributed Since 
these minerals are absent in the coal measures sediments, 
it must be concluded that the Lake District igneous rooks 
did not contribute 

From the available evidence it would seem that the 
Cheviot rooks have been one of the principal sources of 
supply of the coal measuies sediments No published 
account of the accessory mineral cxmten* of the Cheviot 
igneous rcxiLs exists, but from descriptions of thin sections^ 
the mmerals of these rooks aie similar to those of the coal- 
measures supposedly derived direct!} from igneous rook 
sources Exception to this is found in augite, and in olivine, 
which are found in the Cheviot locks The foimer mineral 
lb only moderately stable, the latter is an unstable mineral, 
hence it is possible that both have disappeared during the 
degiadation of the igneous rocks and the transport of the 
resulting degiadation products 

In addition to the igneous rocks of the Cheviot area, it 
IS possible that the clastic sediments of the carboniferous 
limestone senes, ol4 Ted sandstone and silunan of the 
Border diatnct, have all contributed to the coal-measures 
of Durham 
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TABLE II 

Showing cases in which the proportion of any mineral differs 
conspicuously from the normal value 
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MlNJbHAJL HoBIZONS IN THF COAl. MkASUKES 


An examination of 1 igure 1 bhows that during the whole 
oi the coal measuie tunes under review the same mineraU 
continued to be deposited m Durham 

I able 1 brings out the tact that during this coal measure 
peiiod the same varieties of each of the four principal 
allogenic inineials wiie being deposited 

The toncluHion to be dra^n is that the same parent rocks 
have contributed the same minerals to the coal measures ot 
Durham thioughout the a hole period If or this reason no 
mineial horixon ot the type hoped for has been found and 
it would seem apparent that none can be found 

Ihe existing differences in the heavy oiops aie mainly 
superficial and are due to 

(a) Difteience in the grade sire of the constituent 
mmei als 

(fi) Vaiy ing relative amounts of the c onstituent minerals 
esperially of the authigenic minerals 

The authigenic minerals must be ignored in any oon 
sideration of peculiarities oi rocks at different honsons which 
are due to variable amounts of the minerals contained 
In the present case attention should be paid to sircon 
tourmaliBe rutile garnet apatite and ilmenife 

In Table 2 is given the result of a statistical analysis 
of the relative proportions of« the above named allogenic 
minerals This Table sbowh 

(а) The average relative aiiiouni of these minerals for 
the ccMil measures strata as a whole 

(б) The relative pioportions of the minerals which m 
certain samples are so tar in excess of or less than 
the average telative pioportions as to be conspicuous 

It will be seen from Table 2 that rocks at three honsons 
stand out in respect to the relative amounts of their allogenic 
mineralb vir J) 1 D 14 and Cl If it can be shown that 
locks from the same horisons at other spots in the coal field 
show similai outstanding relative amounts of the same 
minerals these abnormalities of relative proportions would 
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serve as an identi6cation ol the hoiisons buch 
abnormahtieB ot relative pi opoi lions ot constituent minerals 
are, howevei, probably of veiy limited areal extent 

Specimen D ] is about 13 fathomb above a thin seam in 
the South Shields district, which is probably the equivalent 
of the Koithumberland Stone Coal, oi the Duiham 5/4 
Seam D 14 is also from the South Shields area, and is 
from 3 fathoms above the Bensham Seam Sample C 1 is 
from the strata immediately below the Harvey Seam at 
New Biancepeth Collieiy, County Durham 
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ON IHE W£Alfi£BlN& OF tBE\101 OEANITI 
UNDER THE PEAl 

By S J i MkaiFi-K FGS 

In studying the process oi we^theini^ 1 locks Me aie 
Lonlronted with one great difiicult} m the pecise detei 
m in at ion of material removed in solution I he products ot 
weathering are usually earthy and ever when the^ *ire more 
or les*» coherent the difficulty oi deter mining the pore 
space is very great Without an acruiate knowledge of the 
pore space (assuming that there aie no sccondai} minerals 
deposited) the estimation oi the loss for each oxide hecomei 
purely conjectural O P Merrill used to lake the least 
soluble compound (Al^O^ or le,OJ as an invariiut (slandart 
oxide) and then to recalculate the analysis of the weathered 
rook in such a way that the standart oxide had the same 
numeiual value as that in the fresh io(k Id su h a way 
he could easily calculate the relative losses for other con 
stituents I hat this method does not give us the absolute 
losses la perfectly clear to everyone and in the present 
paper the author has attempted to calculate the absolute 
losses by a direct measurement of the pore space of the 
altered rock 

Besides this particular aspect of the question (i e losses), 
the study of the process of weathering of granite is of a 
great interest from the point of view of the origin of 
kaolin lie deposits No complete solution of this interesting 
problem has been yet achieved and although the present 
work can contiibute but little to the enormous existing 
literature on the subject still it may perhaps give some 
support to one of the theories of kaoliuite formation 

The granite outcrop forming the central and the most 
elevated region of the Cheviot Hills is thickly covered t)j 
glacial drift and peat and can only be seen m comparatively 
few places mainly in beds of streams und nvers It is a rad 
dish granite fie^ in external appearance but under the 
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microscope it is seen to be ueaily always highly altered 
Ita constituent minerals aie quartiC, orthoclase, acid plagio- 
tlaae, biotite augite and mniopeginatite in the ground — 
mass * The ielspars, even in the freshest sperimens aie 
UHUall} seiuituised 

In regions of the gieatest development of moorland peat 
the granite is invariably covered by a thick layei of boulder 
flay This precludes the possibility of studying the action 
of peat on the gianite tn situ On the othei hand the drift 
contains besides uumeious fragments of Cheviot la\as and 
some other rocks, many bouldeis of the Cheviot gianite 
which affords the possibility of such a study 

Tn the south of the mam Cheviot massif, m a col 
(Scotsman’s Kjiowe) situated between the heads ot Uart 
hope Bum and Bieaiiiish, a thick (up to 16 feet) deposit of 
peat IB resting on the bouldei clay This boulder clay, 
unlike that of the lowlands, is very sandy and pervious to 
water Some fine sections of the boulder clay, together 
with the overlying black peat, are levealed in the course of 
canyon*like ravines typical of all the moorland peat 
districts Immediately below the peat all the fragments of 
the granite in the boulder clay are completely bleached and 
transfoimed into a light poious stone The degree of 
bleaching decreases as one proceeds downwards, and at the 
distance ot 4 feet below the peat the granite fragments are 
only covered by a thin coating of bleached material All 
the small iiagnients in the upper portion of the boulder 
clay are completely bleached, but laiger pieces show a 
pinkish internal portion of partially altered granite Only 
very large boulders show a solid core of reddish granite, 
similar to that found m the oiigmal outcrops 

Several znicio-sections weie made from a boulder showing 
a gradual peripheral weathering A section of the inner 
compact portion shows that it is composed of noimal Cheviot 
granite, m which all felspats ore completely senciticised 
and the feiiomagnesian mineials are decomposed into 
(hlontic itiateiial and hydrated uon oxides Biotite flakes 
teja be discerned in few places The specific gravity of this 



compact portion is ^b49 ind its p<uosity_0 20 per cent 
(Hie specific giavity of the ( heviot granite from Brenmish 
Burn vanes iiom 2 65 to 2 69 ) 

lowards the penphery this lock passes giadually into a 
highly porous pinkish white crust The outer portion of 
this crust examined under the micioscope is seen to consist 
almost entirely of quaitz gi nns iiid flakes of white mioa 
with little of the biotite present Its mineral specific 
gravity is 2 597 and its poro ily — 18 60 pei cent On boil 
mg the sample does not disiniegiute but the water became 
c ilouied with humic acid which i le ifteiwards 
precipitated by hydrochloric acid Ihe outermost portion 
of the crust m the sample mvestigaied was about one sixth 
mch m thickness, and separ*ited from the innei weatheied 
portion by a thin layer of secondary ennehnent of non 
oxides Its colour is almost pure white Undei the 
microscope (crushed) nothing but white mici and giains of 
quartz are to be seen A careful search f( i determinable 
kaolmite pioved fruitless 

Ihe chemic*il analysis of the white )uteimo8t crust of 
weathering is as lollows 


SiO 


7067 pel cut 

^1,0 


2057 

Fc.<J. 


0 29 

MgO 


031 

CaO 


1 16 

Na.O 


I 31 

KO 


3 02 

CO. 


tr 

+H,0 

+ volatiles) 

178 

H.O 


P57 


Total 

9968 


Porosity i8 So per cent 

Mineral Specific C ravity 597 

As one can see over 90 per cent of the rock u composed 
of silica and alumina The amount of water (in relation to 
Al^O,) 18 far too small to give a molecule of kaobnite, but 
quite sufficient for that of mica 
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A companbou of this analysis (taking into the con 
sideration the deteinimed porosity of the weathered rock) 
with that oi the parent rook would easily show the relative 
losses for each constituent but as no absolutely fresh granite 
was present among the boulders of the clay it was decided 
to use some already published analyses of the Cheviot 
granite from some other locality 

It 18 true that Cheviot granite shows a certain variability 
in mineral composition and texture but as far as one can 
judge its chemical composition is fairly constant for 
comparison an analysis of a coarse grained Cheviot granite 
as given by H Kynaston '' was taken As the pore space 
of the fresh gianite is negligible only the pore space of the 
altered rock was taken into consideration and its analysis 
was recalculated accordmgly In doing this we have 
avoided the initial mistake of taking tSe amount of A1,0, 
as constant in both analyses Xhe following table shows 
the results of this calculation — 



I 

11 

III 

IV 

V 

SiO^ 

67 1'7 / 

57 55 

—9 57 

14 25 

1166 

Aip 

20 12 

16 75 

—3 37 

16 75 

120 0 

Fep (+FeO) 

3 99 

0 24 

—3 75 

94 00 

1663 0 

CaO 

1 79 

0 94 

0 85 

47 50 

190 5 

MgO 

0 82 

0 25 

-0 57 

69 50 

328 0 

NajO 

1 53 

1 07 

—0 46 

30 10 

143 0 

Kp 

3 38 

2 46 

— 0 92 

27 20 

137 3 

SO 

0 05 

— 




CO, 

0 03 

— 




Hp 

101 

192 

+ 0 91 




Pore Space 18 50 

99 84 99 68 

I hresh Granite Staindrop Rig (An by I Macadam) 
H Kynaston 

II Altered Granite Scotsman s Knowe 


III 

I\ 

V 


Loss or gain of each constituent 
Losses expresses in percentages of the fresh rock 
Fresh „ 

Til — * 1 ^ 

Altered 



\rranging the constituents in the older of then relative 
losses, we get the following table 


MgO 

CaO 


Na,0 

K,0 

A1.0. 

t>iO, 


94 uo per ctnl 

6950 

-47 5« 

30 

27 10 
-r<5 7S 

-1435 


This table clearly shows that iron oxides and the alkalinre 
earths have sustained the greatest losses while iht alkalies 
have an average loss of 30 per cent and the aniphotenr 
oxides (AljO, SiOj) of about 16 per cent 

The selective leaching of various oxides cun easily be 
accounted tor by the natuie of the peicolating solutions 
coming from the overlying peat It is a well-known fact 
that, the so-called, humic acids readily form salts of iron, 
alkaline eaiths and alkalies TW>sides the huunr acids the 
peat watei probably contains also caibon dioxide sulphuric 
acid, etc The combined action of these acids was probably 
responsible for the leaching out of metallic oxides SiO, 
and A1,0|, being amphoteric 1 e , capable oi forming acids, 
could probably not act as bases towards such weak acids 
as humic and carbonic acids, and were probablv earned 
away as complex hydrates (silicic and aluminic acids) or 
as soluble alkaline salts In a lecent paper^ the author 
suggested that the colloidal humic sols could exercise a 
protective action on the newly formed colloidal alumino 
silicic acids This is why perhaps in oui case the colloidal 
alumino-silicates were not precipitated as kaohnite but were 
completely leached out 

As was pointed out already, the residual products of 
weathering oonsists essentially of quarts grama and white 
mioa As these constituents occur m the form of minute 
particles, mechanical separation would lead to no definite 
results The only way to estimate their relative proportions 
18 to reoaloulate the chemical analysis into standart mineral 
molecules The results of this recalculation are shown on 
the following Table 



SiOj AljOj FeiOj CaO MgO Na^O Kfi 


338 



Difference — 0.94 — 1 — — — — 008 — 1.02 
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lhi8 recalculation uas done by dsaunuii^ that all the 
basic oxides and enteis into tbe coiuposition of mica 

which 18 taken to be an ibuin uphous luixtuit 1 (lie lollowing 
theoretical uiineial luolecultH 

Muiicovitc — K,0 lilgOj bSiOj 

calculated tioni K,0 (mums a ccit iiu amount 
)i K,(J alloted ti Phlugopitt) 

Phlogopite flljO KjO ilgtJ VI 3 O 3 7SiOg 
calculated lium 

Paiagonile 211,0 ^ i,t> 1 bSiO^ 
calculated tioiu Na,!) 

Maigaiitc— 11,0 taU 2 Vl,U, 2SiUj 
calculated ti )m CiO 

The small amount ol lc,U, was not included into the 
composition of luica as it piobably lorins not only biotite 
but exists as a hydrated iron oxide 

The results of this recalculation gives us the total mioa 
to be d8 d8 pel cent The leinaming silica is taken to 
represent quaits (41 ^4 pei (out) F\ hiding th pore space 
we see that the calculated compositi m oi the lock gives us 
approximately 50 pei cent ot unc a and oO pei cent of 
quarts 

The calculated composition i mica is as follows 

SiO, 41 7S ler cent 

A1,0, 41 20 

MgO 6s 

CaO 4S 

Na.() 7 ) 

k,0 6 41 

H/) 4 7S 

lew 00 

The amount of A1,0, is rather high, but otherwise this 
analysis is within the limits ol piobability 

Assuming that quarts m the parent granite has been but 
shghtly affected by weathering and therefore its amount 
IS the ^ame m both rocks we can take it that 60 per cent of 
the remaining minerals (felspar biotite pyroxene) were 
transfoimed into 40 per cent of mica and 30 pei r«it 
of the mateiial leached out 



Ihe coiapobition oi the leached out poition can be wily 
calculated from the previous data and i8 as follows 



Per cent 

Mi 

SiO, 

4913 

0 8180 

A 1 O, 

17 28 

0169s 

teO 

19 

0 1200 

CdO 

436 

0 0780 

MgO 

2 92 

00723 

N'l.O 

2 36 

0 0501 

K () 

472 

00381 


100 00 



( ontraiy to all expectations the alkalies aie picbeut in 
very small iniount in the leached out portion while silira 
forms nearly 50 per cent oi the total amount Ihe recent 
work on this subject by Y F Smirnov* seems to show that 
the alkalies arc readily leached out from silu ates under the 
influence oi humic acids while silica is more insoluble 
Those resnlts cannot be considered to be absolutely incom 
patible with ouis if we take into consideration that the 
natural processes may involve many more factors (nature of 
solution tune etc ) than those in the laboratory 

It IB interesting to notice that in this computed analysis 
the oxides exist in such molecular proportions as to form 
definite «itochionietnc compounds hubtracting from the 
molecular piopoiiions for silica an equivalent amount to 
form with basic oxides compounds of the type R() SiO, and 
B^O biU, the remaining silica together with the sesqui 
oxides (AljOj 1^6,0^) will satisfy the proportions for the 
compound of the type B^0^2Si0, (the type oi kaolinite — 
2H,0 1^0, 2 Si() 2) Those relations may perhaps not be 
entirely accidental 

The question of the nature of the process of weathering 
of acid Igneous rooks under peat and similar substances is 
of some importance m connection with the long debated 
oontroversy on the origin of kaolinite It is a well known 
fact that kaolinite deposits in many regions such aa 
Germany and USA are found in close association with 
coal of the Carboniferous age or brown coal of Tertiary age 
Kaolmite is alno found in sedimentary rooks associated with 
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coal deposits (in sandstone oi tlie Coal Measuies and in tilling 
cracks in the day-ironstone sepUnan nodules) A great 
numhei oi poisons uphold the so called moor water ** 
theory of kaolinite toimution The kaolinizing agency of 
the moor watei, i e , watei chaiged with the pioducts ot 
organic decay such as humic acids, etc , is eithei attributed 
to the oiganic acids theniseivLH, oi to the raiboii dioxide in 
solution, or to both 

I he luajoiity oi the Creimau kaolinite dejiosits aie found 
in association with the I'eitiaiy brown coals Certainly 
those kaolinite deposits cannot be fairly well compaied with 
the pioducts of ueatheiing undei the peal oi lecent age, 
simply on account of their supeiior age But at the same 
tune we ( an assume that the processes going now under the 
influence oi peat are compuiable to those oi the fiist stage of 
the brown coal formation 

K Endell, who has studied the weatheimg of basic locks 
under peat covering, came to the cone lusion that this 
weatheiing tends in the direction ot kaolinite — ^ Durch die 
Obeilagerung von Torf, Braunkohle und Steinkohle werden 
basische Eruptivgesteine in allgemeinen in der Bichtung 
auf Eaohp au zeisetst * On the other hand, in their 
lecent paper on the weatheiing ot gianite under the peat, 
R Blanck and A Biesei^ have definitely shown that m such 
circumstances there is appreciable kaoliniisation The same 
conclusion is reached by the present writer in the case of 
Cheviot granite But this by no means invalidates the 
moor water ” theory of kaolinite formation, but, as we 
will endeavour to demonstrate, rather tends to support ii 

Quite a numbet of authors, such as St I Thugutt, Y 
Belle, O Hickhng, as well as the present author, have 
expiessed the opinion, that muscovite (sericite) is an mter- 
m^iate product of weathering of felspai into kaolinite 
Without considering for the present the agents of such a 
tnyisfonnatioii, we may represent the process of weathering 
in the following manner 
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K 2 AUSiftO,^ Orthoclas^ 

fiH20 taken in — ^ | KHj,bi40j^ lost — ^ 

K H A IjSi^Og M usco VI te 

2H>0 taken in — ^ [ KOH lost — ^ 

H 4 AI 2 S 12 O 9 Kaolinite 

ibis process is really that of a piogressive hydration ^ 
with the lesulting Bphtiing of felspar nxoleoule and 
subsequent removal of alkalies and silicu and 

111 the case of weathering oi Cheviot gianite we find 
that the leached out poition contains a veiy large amount 
oi sihtu and compaiatnely little alkalies This fact can 
be quite satisfactorily explained by the abo^e scheme oi 
transfoimation In the case of the Cheviot granite we 
theiefoie observe the hrst stage of the transfoimation of 
ielapar into kaolinite with the resulting tonnation oi 
luuscoiite M the same time we can also easily reconcile the 
two contiadictoiy stuteinents — ^that of Selle, that under the 
influence of peat, locks tend to be transformed in the direc- 
tion of kaolinite, and that of Blanck and Hieser that undet 
this influence no kaohnixation is observed Kaohnixation 
determined by the progressive hydration depends on the 
time the rock was subjected to the influence of kaohniiing 
agents Therefore we cannot expect to find kaolinite as the 
result of weathering of rock under a comparatively young 
(post glacial) peat deposits, while we find it under older 
deposits of organogenic origin, such as the Tertiary brown 
c*oal 
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A PRELIMTNARl ACCUDAT 01 lUE DYKES OF 
NOBIHUMBEBLAND 

By b Mockur 

From a consideration oi the distribution and direction of 
the North Country dykes it appeals that t^o sets can be 
distinguished, namely 

A — a set having a general trend east south-east 

B — a set having trend east-north-east 

The area in which the dykes are developed extends from 
the most noitherly exposures of the Whin Sill near Eyloe 
as far south as the Cleveland Dyke, with possible extensions 
to the west into Scotland 

Set A comprises the solitary dykes oi Geikie (including 
the Acklington Dyke and the Cleveland Dyke), together 
with a group lying almost midway between these, which has 
a marked individuality 

In Set B are included two echelon series, one from Holy 
Island westward to Coldstieam, the other from near Alnwick 
in a south-westerly direction to Falstone, together with 
various dykes to the east of the Whin Sill escarpment and 
in the coalheld 

All the dykes in the area are composed essentially of 
plagioclase, pyroxene and ore minerals , mostly fine in grain 
and from light to dark grey in colour As a whole they 
show a rather monotonous similarity, but some types have 
phenociysts of plagioclase or amygdaloidal in fillings 

Microscopically the two sets differ markedly in the 
mutual relationship of their components 

In Set A the plagioclase and the pyrc^ene minerals 
tend to develop in relatively long crystals, often with ragged 
sides, the felspar being embayed by the augite Frequently 
both ciystals are seen to radiate from a centre forming a 
coarse variation of spherulitic stiucture 



The ore minerals appear as tinj crystals in the mesostatie 
material and seem to form rather late in the sequence of 
crystalliEation— the appearance presented hy this almost 
opaque mesostasis is distinctive. 

Many members of this set are characterised by the 
presence ol large pbenocrysts approaching anorthite in com- 
position. 

T'he set can be divided into two sub-groups — the basaltic 
and the andesitic — both of which can be matched by rooks 
from Mull, where they are developed m much greater 
numbers. 

Set B veiy (*losely resembles the most usual types of 
Whin Sill in appearance and composition: with the three 
minerals —pyroxene, plagioclase and ores developed 
approximately to the same sise. The small amount of 
mesostasiB appears quartso-felspathio in character. 

Miorometric measurements show that in the Set A the 
pyroxene exceeds or equals the plagioclase in proportion, 
while in Set B the plagioclase is very definitely in excess. 
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POMPEII 4ND OSIIA ‘ 

1)h YoBM\^ GAB1II^>R 

One of the chiet leHsouH that recent excavations have 
taught ua is that ancient hie was as vaiied as oui own 
The typical Roman house that generations ot examinees 
ha\e been asked to describe is an abstraction as ^ague as or 
even vaguer than the typical English house The house of a 
country town is not the same as the city house the town 
house IS not the same as the oountiy oi seaside villa the 
Mila of Italy is different fiom the villa of Britain Esen 
in the same town haidly a single house con forms to type 
Of this variety no bettei illustration can be found than a 
fompaiison of Ostia ind Pompeii Less than 150 miles 
apart, they both are situated f lose to the sea they both 
have the usual public buildings, /ora, temples palmsirm^ 
baths There the likeness ends They differ in their 
history in the characters of their population as in the 
manner of their destruction 

Pompeii lies on a spur of Vesuvius ovei looking the 
city of Naples which at the beginning of oui eia was 
perhaps more beautiful certainly more prospeious and 
more thickly populated than it is to day It was a distiiot 
old in history and legend For centuries Vesuvius had 
slumbered, its slopes were coveied with groves and villas, 
even its crater was so thickly overgiown that thieves and 
brigands found shelter in it To the north of the bay lay 
Cumsp the oldest Greek colony m Italy At its noithern 
extremit> was Misenum, the landing-place of ^n eas and 
nou the headquarters of the Roman fleet Within the 
hav ueie Baiae the fashionable uatering-place of Rome 

' A paper lead in Armstrong College, February 19th, 1927, 
before the Northumberland and uurhain Classical Association and 
the Aicheeolcmcal Section of the University of Durham 
Philosophical *^ictv The paper was copiously illustrated with 
lantern slides 
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with itB pulacen built out into the sea, Puteoli wheie St 
Paul lauded, the greatest seaport of Borne during the 
lepubhc, Naples, the new nty/ so called to distinguish 
it from the old Greek colony iaithei noith, though now it 
was no longer new Un the slopes ol VesuviUb weie the 
ill-fated Herculaneum and Pompeii Inland sti etched the 
plain ol Campania, a plain famed for its vineyards, for the 
wool of its sheep, for the iuxuiy of its cities 

Pompeii itself had been occupied foi centuries Its 
eaihest building is an old Doiu temple that cannot be later 
than ()tN) b c The place owed its beginnings piobably to 
trade It was an ideal place for a tiading staple, close to 
the sea, close too to the Bnei Saino ahirh bi ought the 
nch pioduee of the mteiioi to the coast, wheie native 
Gsfans traded with merchants fioni fitruria Phopiiuia and 
Greece In the sixth century it passed under the powei of 
the Etiuscans When they weie expelled, the hardy 
Samnites from the mountains seued the town, and undei 
them it throve Many of the houses and large parts of 
the city wall were built by them Aftei the Samnite War 
the town became subject to Borne, but preserved its local 
government In the Social War, howevei it sided with 
the democratic party, was besieged and captured by Sulla, 
who established there a cMilony of veteians under the pioud 
title of Oolonia Cornelia Veneria Pompeiana 

At the time of its destruction in 79 \ d Pompeii was 
a thriving country town of some 20,000 inhabitants 
Gsoans, Greeks, Etruscans, Samnites, Bomans had all 
helped to make it, and all who settled there piospertd 
Wine, oil and wool were its chief sources of wealth, and 
many of its inhabitants had farms and villas m the neigh- 
bourhood Others enriched themselves by industiy-^-^e 
weaving of cloth and dyeing the manufacture of jewellery 
and perfumes, metal work of various kinds Many had 
shops attached to their houses They traded with the 
cities of Campania and with merchants who came from all 
parts of the Mediterranean Thus theie arose a population 
of prospeious hnurqetns, tradeis, merchants, bankers, retired 
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offir luls men of educatiuii who liked to livt in comfortable 
und elegant koubes and to surround themselves with 
beautiful and artistic objects men too not over rich noi 
too much engrossed in business but with means and 
leisure to enjoy life — a pleasure loving joyous southern folk 
not too nue perhaps in point of morals And their town 
was a pleanant place to live in with three large public 
baths each of them a soit ot club two theatres and an 
amphitheatre capable of holding many more than the whole 
population 

Pompeii peiishtd suddculv m August 24th 70 a d and 
its interest f >i us is that its exr avations reveal the actual life 
of 1 small (ountiy town ]UBt as it was at the moment of 
its destruction We (an lead the inscriptions on walls 
some of them written perhaps the day before We see the 
shops just as they were left when the inhabitants fled wino 
jars and ccKiking utensils lying m their places even the 
money on the counter of the lestauiani Here ue see a 
new temple still uncompleted heie an old building being 
restored 

Most of Pompeii was excavated in the last century and 
has long been iamiliai to us but it is only within the last 
few veuiH that we ha\e been able tiuly io realise th** 
appearanc e of its streets Ihis is due to the modem 
honrontal method of excavation The old evcavatois 
destrojed as much as they revealed the modem excavator 
by removing horizontal layers is able to note the position 
of every fragment to preserve and restore as he proceeds 
Once we weie accustomed to picture the streets of Pompeii 
as consisting mostly of one storied houses facing inwards 
writh oulv a lew small wrindowh looking out on the streets 
and certainly the chief impression produced by the narrow 
streets of the old excavations is one of monotony But 
when we pass the barrier in the Via dell Abondanca into 
the newlv excavated part all is changed The houses aie 
mostly two stoned some of them standing even up to the 
roof and instead of a monotonous blank wall we see 
loggias balconies windows as vaiied as m a medieval 



town Most ot the looms on the ^jound Hoom ue imed as 
shops, and the footways an shelteied ii oni sun and ram 
by led tiled \eiandas oi the balconits oi the upper storeys 
The walls aie gay with pamtings, shop signs and inscrip- 
tions Here tor example is the shop ot a i lothes menhant 
t)n one side of the entianoe is a pictuie ot Meitury, the 
God ot Commeiee inone^ bag in hand coming out of his 
temple to bung pioht to the owuei On the other side is 
a painting of the patron goddess ol the plan \tnus, in a 
chariot drawn by elephants Below these pictures are 
lepiesented a shop scene and illustiations of cloth 
niauutactuie l}ere we see a wine jax, stiainers and goblets, 
clearly indicating the entrance oi a taveiu Heie on either 
side oi the entrance of a private house aie painted scenes 
heaimg upon the ioundmg of Rome- ^neas caiiymg on 
hiB shoulders the old Anchises and leading in his hand the 
little lull^, Romulus bearing oft the s]>oils of some lobbei 
king It IS the house of one Fabius, peihaps a iicedman 
proud ot his connection with the great habidu family At 
the cross-loads is the shiine ol the Comyitalm and over it 
IS a pictuie oi the twehe gods 

All vacant spaces aie covered with mscitptions, painted 
in red letters on a layei oi whitewash the whitewaaher 
Ol bill-poster {dealhator) Most of them are appeals m 
support of candidates in the local elections, signed some- 
times by clubs Ol guilds, sometimes by individuals here 
IS an appeal signed by the guild of fullers, or by the chess- 
club {latruncularn) here a lady solicits votes for her 
iiieud There uie ad\erti8ements too of tradesmen, notices 
of lost property or houses to let, programmes of sports in 
the umphitheatie Ileie a street hawker has written his 
name at a street coinei to secure his pitch, or a pair of 
friends have sciatched their names upon the wall to oom- 
memoiate a pleasant meeting The habit oi scribbling on 
walls IB not confined to the modem world 

The houses are very diffeient in plan, but they have 
certain general characteristics they are a cximbmation of 
the traditional Italian atnum and a Greek house, Entering 



trolu the street one pa^ises thiough a naiiow passage into the 
aUmniy a squaie building with the looi sloping inwaids and 
downwards to \ squaie opening in the centre, below which 
is a squaie basin the to lalch the ram water 

This atnunif onginallv the single loom of the house, has 
been enlaiged and diMded into various looms, liedrooin^, 
dining rooms, kitchens langed lound the wall and opening 
on the central couit but this was too straitened h dwelling 
for the Pompeian bo at the back of the afttwi he added 
a Gieek peristyle house, consisting of an open court sui 
rounded by a colonnade with looms opening into it The 
(ouit was laid out as a garden, adorned with marble 
fouiiiaius basins, tables, statues Where space peimitted, 
a largei garden might be laid out behind the peristyle court 
The walls of the courts and of the looms are all decorated 
with painting Tn the earliest style the walls were painted 
in unitation oi the maible slabs with which the palaces of 
Alexandria and Rome were lined Then architectural 
features were added, columns, architraves, festoons dividing 
the room into panels, and in the panels were pictures, 
sometimes laige, sometimes small, representing mythological 
subjects 01 scenes from daily life Most of the paintings 
from the oldei excavations were iemo\ed to the museuiii 
at Xaples in the new excavations they are all carefully 
pie 8 ei\ed os they were found There are perhaps no mastei 
pieces of art at Pompeii, but there is a surprising quantity 
of art in the houses, and the generally high standard of 
this art proves that the inhabitants of Pompeii were men 
of taste and culture and lovers of art 

^ ery different is Ostia, though hardly less fascinating 
There is indeed little attraction in the flat alluvial plain at 
the mouth of the liber on the south bank of which it is 
situated, nor does the modern traveller find anything 
attractive in the dull dusty road that leads to it It was 
no pleasure lesoit, though m ancient days the business men 
of Borne had pleasant villas along the road and on the 
banks of the iibei Every big city has its suburbs, what* 
ever the character of the country 
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The earliest settlement at Ostia was perhaps connected 
with the salt pans at the river’s mouth, the memory of 
which was preserved in the Via Salana at Home, but there 
was no settlement at Ostia itseli till the fourth century, when 
Borne was first turning her attention to the sea and placed 
Oie sign of a ship’s prow on her earliest coins. In the 
middle of this century a military camp was eutablihhed at 
Ostia. Its gates and plan can still l>e traced. The 
Decumana^ a continuation of the Via Ostiensis from Rome, 
and the cardo^ were preserved, and determined the orienta- 
tion of the later city Its growth began in the third 
century; for in 267 ».<*., four qusBstors ot the fleet were 
appointed, and one of them was stationed at O^Ua, but its 
real development belongs to the last century ut the Republic. 
Rome was now becoming a Mediterranean power attracting 
the commerce of all the Mediterranean world Moreover, 
Rome was becoming dependent on her provinces for food. 
The i*upi(b growth of a population at Rome, a population 
largely unemployed, led to the introduction of the food- 
dole. Enormous quantities of corn were imported from 
abroad and sold at cheap rates or distributed gratis m the 
capitftl. Puteoli was too far away for the purpose; Ostia 
was the port to which the com was brought and where it 
was stored. Ko Ostia became the port and emporium of 
Rome, and continued to be so all through the empire. 
Rome drew to herself the produce of the world, and ail 
passed through Ostia. Thither came ships bearing marble 
from Africa, obelisks from Egypt, silks and purples, wines 
and perfumes from the East, slaves too, and strange animals, 
elephants and giraffes, lions and ostrioheb, brought to Rome 
for the amusement of the crowds in the amphitheatre. 
Greeks and Jews, Moors and Egyptians, Spaniards and 
Gauls, jostled one another on its quays. 

Yet Ostia was no ideal port. The Tiber is tortuous 
and its current swift ; and only small ships could sail tip as 
far as Rome. Further, the quantities of silt carried down 
by the river had before the beginning of our era blo6k^ 
the mouth so that ships could not enter. So th^ had to 
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aii( hui 111 the upen sea and unload then cuigoefi into lighters, 
which Mere toMed by oikeii and mules up to Kome Julius 
Ca^ar, we die told, meditated making a new harbour, 
but nothing was done till the Emperoi Claudius cun 
stiucted d circular basin at Porto on the noith bank 
protected by gieat breakwaters But the new harbotu 
soon silted up, and Irojan finally added an elaborate 
octagonal basin connected with Ostia by a canal bo 
Ostia continued to flourish indeed the city seems to 
have been almost lebuilt in the reign of Hadrian ^or 
did it decline till the touith century when Borne and 
bei commerre weie beginning to decline Gradually the 
place was deserted and fell into luins and the luin was 
completed by the raids of the Visigoths In the middle 
ages it Mas used by the Popes as a stone quaiiy for the 
buildings of Borne The castle delle Kovere, which stands 
at the entrance of the site and is now used as a museum, 
was built about 15UU \v elm fly fiom mateiials taken 
from the ancient city 

Ostia peiished giadually so we have no intimate 
picture of its daily life such as we find at Pompeii, but 
in its ruins we can trace the story of its growth and its 
decay It was from first to last a port, the port of the 
greatest city of the world, and in this lies its interest It 
had uudoi the empire a population of some 80 000 
inhabitants but it was not a residential place Its popula- 
tion consisted chiefiy of merchants and bankers, shippers, 
officials of the customs and police, agents and employees 
of great business houses, freedmen and slaves Besides 
these there was a vast floating population always passing 
through on their way to or from the capital, and all these 
had to be catered for Such a city required very different 
buildings from those of a small country town 

The visitor who, after seeing Pompeu, comes to Ostia 
IS impiesaed at once by its spaoiouaness and regularity 
Pompen grew up out of a country village, and the ground 
m which it lies is broken — ^its streets are narrow and 
irregular Ostia has been planned When, after travers- 



iug the Nti^et ot tombs^ llie vibitor patistib thiuu^h the Portu 
Hoiimua, he '^ees stretch iiig in front ut him, us far as he 
can secj the Via Decumuna, a wide paved slieet lined with 
colonnades and line public buildings The piesent street 
is the woik of the empire, and is some two leet above the 
U'^el oi the republican road. I^ess than halt the city has 
yet been excaxatud, the portion lying between the Via 
Documuna and the Tibei— the chief mercantile pait ol the 
city. 

Some little nay down the sti'eet on the right behind 
the theatre m one ot the most interesting buildings of the 
city, the bO-called Piazea ui the Coiporatiunb. It is a square 
court suijouuded by coloiiuudeb, and laid out as a garden. 
In the centre is a temple, which we may reasonably con- 
jecture to have been the Temple of (^eres, for the Piazza 
is the Corn Exchange of Ostia, the centre of the Roman 
com trade. All round the colonnade are the offices of the 
corporations or guilds connected with the corn trade, and 
eveiy office has in front of it a mosaic lubcribed with the 
name of the corporation and representing scenes connected 
with their bubiuesb. Here we see men pouring the corn 
into com measures or unloading a ship ; here ships entering 
the harbour, with a pi(‘ture ot the lighthouse. There are 
the offices of the tow merchants and rope makers, of the 
tanners and timberiuen. But most of the offices belong to 
shippers from vaiious parts of the Mediterranean, the 
shippers of Misua m Africa, of (JaHhage, of Alexandria, 
the Earalitani and Turdetuni from Sardinia, the shippers 
of Naibo. Beyond the piazza are great streets of ware- 
houses stretching down to the river. In one of them we 
*oan still see the great jars or dolta, used for storing the corn, 
sunk into the floor. The quays themselves have perished 
long ago, eaten away by the river which has changed its 
course since ancient times. 

We cannot expect to find at Ostia the wall paintings 
that we see at Pompeii, but Usti^ is peculiarly nch in 
mosaics. In one of the palmitriB near the Porta Romana 
is a huge mosaic representing Neptune in a chariot drawn 
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luui sea-hoibeb at iuU gallup^ \ihik all aiouud aie 
dolphins aad ntiauge sea moimteis Ihere is a maivellous 
vigoui and movement in the whole (ompositiou Anothei 
luo^air iioiH one of the Iheiinie shows scenes ol country 
hte inuleh and cait^ and muleteeis, perhaps those who were 
engaged in carting goods hoiu Ostia to Borne In the 
bhrine at the bai racks occupied by the Vigiles^ the fire 
brigadf ot Home a detachment ol whom was stationed at 
Ostia, Ihe sainhce ol a hull is finely depicted 

Theie is no time to dwell on the forum oi the temples 
which differ little from those of other towns though we 
may note in passing that Ostia like most seaports was 
thoroughlv cosmopolitan in lehgion, and that it possessed 
an exceptional numbei of temples of loieign gods, 
especially ol Mithras We must pass on to the houses for 
here it is that we see the greatest contrast to Pompeii 

In the whole of Ostia thcie is only one house ol the 
Pompeian type There is neithei atrium uoi peristyle coui^ 
in most of the bouses Land at Ostia was valuable, and the 
Pompeian house requiied too much room As we pass along 
the streets we notice the excellence of the masoniy and its 
solidity, we notice, too, that some of the houses are stand 
ing up to the second stoiy that they aie lighted Irom the 
street by numerous windows, and that many of them have 
balconies supported on vaulting belonging to the second 
fl6or Originally they must h^i^e been loui oi five storeys 
high ihere is an extraordinary variety of plan For the 
most pait, however, the houses aie built like many medieval 
Italian houses, round a central courtyard which gives 
access to the looms on the ground floor Theie is nothing 
to distinguish the uses of the different rooms as in the 
Pompeian house Ihe first floor is reached by a stair 
case from the courtyard, or sometimes even direct from the 
street Ihis and the other floors are very bimilar in plan 
to the ground floor, the rooms opening on to comdors 
running round the interior and overlooking the court Each 
floor therefore formed a flat that could be used either for 
offices or toi sepaiate dwellings Some of these houses knay 
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have been hotels, but there can be little doubt that they 
represent the tenement houses of vhioh we read in Juvenal 
and other writers, and that many of the houses which they 
describe at Rome were of this type. That the type was 
widespread is evident from its survival in medieval Italy 
and even in the present day. 
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Obituary. 


THE EARL OF DURHAM 

^HE Society has sustained a notable loss by 
the death on Tuesdayt September 18th, of 
its President the Earl of Durham His Lord- 
ship, who served for many years until his death 
as Chancellor of the University, was elected 
President of the Soaety on its reorganization 
after the War at the meeting held on November 
26th, 1919 He took an interest in the Society 
which could not be measured merely by bis 
attendances at our meetings, necessarily not 
frequent on account of the calls of a busy life, 
but It was fitting that as bearer of one of the 
historic names of the North Country he should 
be our President as well as Chancellor of the 
University F B 
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Vmbmilti of Bnriram ^omtu 


THE DISTRIBLiTION OF THL MUSSEL BANDS 
OF THE NORTHUMBERLAND AND DURHAM 
COALFIELD 

By William Hopkins M Sc Ph D F G S 
/niroductzon 

One of the most interesting paldrantological features of 
the Northumberland and Durham Coalfield is the distnbu 
lion of certain non marine lamelhbranchs throughout the 
Coal Measures The fossil remains are at tunes so numerous 
that they constitute conspicuous bands which have come to 
be called mussel bands These hands may be regarded 
as the rotxains of old shell banks that existed in the deltas 
or lagoons in wh ch the Coal Measures were deposited 
They are only found in the finer blue or grey shales and 
are never associated with sandy beds The presence of 
sand was evidently unfavourable for their development just 
as it is to day for their modem counterpaits 

Some of these bands can be traced for considerable 
distances* while others have only a local distribution The 
mussds found m the bands belong to three chief genera — 
Cofbonuola^ Anthracomya and Natadttes^ and can be 
distinguished according to the positions of the umbones 
relative to the anterior margin of the shell In Natadties^ 
the umbones are at the extreme end of the anterior margui, 
in Anthracomya^ they are near the anterior end and the 
postenor margin is expanded^ whereas in Carbonuola^ the 
umbemes approach a position mid>\ay between the anterior 
and posterior margins of the shell 

C^er organisms are also associated withm the bandsi 
eg, the annelid Sptrorbts pustilu^ (Mart) may occur 
independently or attached to the ^ells Ostrac^s are 
often found m the bands m other coalfidds In this 
coalfield, there is one Ostracod band above the Harvejr 
seam where it is associated with mussels and anndids, ai^ 
this band, desenbed in mv previous paper'* is one qI 
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the most imfjortant palaeontological datum beds m our local 
Coal Measures Further reference will be made to this 
band later In some bands remains of Calamties are very 
common, and it is noteworthy that in some cases as the 
shales containing these bands liccoine cf arscr or sandy, the 
plants become more prominent, until finally a plant bed 
completely replaces the mussel band 

Non marine lamelltbranch rones in other coalfields 

Mussel bands are very common in other coalfields The 
late Dr Wheelton Hind advanced the study of the shells 
constituting these bands by systematising their classification 
and demonstrating their importance in correlating coal 
seams particularly thost f North Staffordshire** Mr 
J Ward’^ and Dr H Bolton^'* have also used them 
for correlation purposes but it has only recently been 
shown that they may possioly be more reliable than plant 
remains for zoning purfxises Dr A E Trueman and 
Mr J H Davies have effected a revision of the non marine 
lamellibranchs of the Coal Measures and have demonstrated 
that they can be used as stratigraphical indices and applied 
to the recognition of equivdeiit zones tn the South Wales, 
North Staffordshire, and North of France Coalfields* 
Six zones have been recognized in tliese fields as follows — 

(f>) Zone of Antkracomya tenuts 
(*)) Zom oi Anthracomya phtllif St 
(4) Zone of Antkracomya pulchra 
( i) Zone of Carbomcola stmtlts 
(2) Zone of Antkracomya modtolans 
(1) Zone of Carbomcola ovalt^ 

Naming of S^ectes 

During the last few years I have been engaged in 
mvestigating the correlation of the coal seams of the 
Northumberland and Durham Coallidd^ One of the 
consequences of this investigation was the realisation of 
the importance of the bands as contnbutary sources of 
evidence in establishing correlations It was found that 
apme <>f the seams were overlain by ^ales containing 
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prominent mussel bands which could be distinguished by 
the organisms they resjiectivcly cx)ntamed — 

1 The band associated with the Brass Thill seam 
which contains Carbonic ola with or without haiadites, 

2 The band associated witli the Low Main seam of 
Northumberland or the Hutton seam of Durham which 
contains Carbontcola with or without \nthracomya and 
Naiadttes and in which the annelid Spirobis pustllus 
IS always present 

3 The band associated with the Harvey seam which 
contains an 'issemblagL *f Carbontcola^ 'Naiadttes^ 

Spirorbis punllus and the ostracod Beyrtrhta arcuaia 
Mussel bands with the sime issembhge c f organisms Thut 
without ostracods) were found at other horizons m the 
Measures»*but as far as jxissible, confusion between them 
was avoided by reference to other lines of evidence It 
was this fact that led me to test the practicability of apply- 
ing Dr A E Trueman’s zonal scheme to this coal&rid 
Examples of the more prominent bands were forwarded to 
Dr Trueman for identification and I wisJi to place on 
record my indebtedness to him for his kindness in nammg 
particular specimens I hesc have been tentativdy 
accepted as local standards and the nammg of other 
individuals has been entirely based on the revised nomen- 
clature of Dr Trueman The primary aim of this paper 
is to record the results of a preliminary attempt to apply 
Dr 1 rueman’s zonal schane to the Northumberland and 
Durham Coalfield The results so far achieved are en- 
couraging 

Distribution of gtnera 

The chief horizons at which the more important mussel 
bands arc found in this coalfield are shown in the accom- 
panying diagrammatic Figure winch also shows Uhe 
correlation of the seams in Northumberland and Durham 
deduced from my previous wodc^ It will be dbser$tj/i 
that species of Carbontcola are more numerous than tho^ 
of either Naiadttes or Anihracomya Naiadttes is furlar 
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abundant, but Anthtacomya is extremel} rare This is 
unfortunate, since in South Wales, according to Dr A E 
Trueman and Mr J H Davie*^ Knthraiomya is the most 
useful genus for zoning the Coal Measures 

It will be further observed that the recorded bands are 
most numerous in the Measures below the High Mam seam 
oi Northumberland and its equivalent in Durham This 
IS probably due mainly to lack of records The Measures 
above the High Mam seam arc not verv productive and it 
has thereiore not been ixis'sible to examine them in colliery 
workings Mr M Ford in his Presidental Address to 
the N L Institute of Mining and Mechanical Engineers at 
Newcastle-upon-Tyne, records a complete list of fossils 
from a sinking recently completed at Washington® An 
esainniation of tins list however, reveals the rarity of 
Anthraromya above the 1 hret Quarter sean , the latter being 
the equivalent of the High Mam scam of Northumberland * 

Zone of Carbonicola oiatis 

It will be observed from the Figure that in the Measures 
extending from the Hutton seam to the Victoria the majority 
of the mussel bands contain Carbonicola ovalts (Mart ) 
The Victoria seam with the Marshall Green are the only 
two workable coals below the Brockwell, the latter being 
talorn as an arbitrary boundary between the Middle and 
Lower Coal Measures of this coalfield 

1 suggest that until other evidence is forthcoming, all 
the Measures below the Three-Quarter seam be included 
in the Carbonicola ovalts Zone The upper limits of this 
zone cannot as yet be defined with any degree of accuracy 
Mussel bands are very rare in the Measures below the 
Harvey seam This is due to the fact that over a con- 
siderable portion of the Field these Measures comprise a 
thick senes of sandstones 

The band above the Har\ey seam is not characterised 
by the assemblage of species belonging to the Carbonicola 
ovalts Zone, but by a number of particular forms which are 

^Reference should be made to the Figure for seams recorded 
as the Three-Quarter 
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found in the Antkracomya modiolarts Zone of South Wales 
This band VkxM be discussed later Fins cMdencc suggests 
that the lower limit of the \ntkfaiomya modiolarts Zone 
IS probably below the Ilarvty seam Ihe exact junction 
of this zone with the Carbomcola o alt Zone in this coal 
field cannot be recognised owing to the absence of mussel 
bands between the Harvey and Three Quarter seams 

The IcnoiMi bands below the Harvey do not appear to 
have a very extensive lateral distribution Mr Ford has 
recorded bands above the Victoria and Three Quarter seams 
at Washington® but as far as I know, they have not 
been found elsewhere This also applies to Dr Wheelton 
Hind’s record of a band above the Brockwell seam at 
Wylam Colliery* which is also a quite isolated occurrence 
These bands, however contain characteristic fossils of the 
Carbomcola ox alts Zone C ribusia (Sow ) is confined 
to the lower portion of the productive Measures Indeed, 
the BrocEwcll and Victoria horizons are the only known 
examples of its occurrence in this coalfield Forms of 
Antkracomya are absent except for 4 minima CLudw ) 
and 4 adamsii (Salter) The former has been recorded 
above the Three Quarter seam at Washington by Mr J T 
Stobbs in Mr Ford’s list of fossils, while Dr Wheelton 
Hind hats recorded the latter from the roof of the Brock- 
well scam at Wylam Colliery 

/one of Antkracomya modiolarts 

I suggest that this zone begins with its lower limit 
6ome>^here between the Three Quarter and Harvey seauns 
(as shown in the Figure) and extending up\\ards to the 
Hutton scam of Durham or its equivalent the I ow Main 
seam of Northumberland Forni<a of Antkracomya are 
unfortunately rare, the only known examples in this sequeifOe 
of beds being 4 modiolarts and A xvtlliamwnt whidi are 
found in association with typical fossils of the Carbomcola 
simtlts Zone in the I ow Main — Hutton band 

Certain forms, however, which are associated with the 
Antkfocomya modiolarts Zone in South Wales are f^nd m 
the sequence of beds under consideration The small and 
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stout C tufgida (Brown) and C venusla (Davies and 
Trueman; are found, c g , in the Harvey Beaumont band, 
while C extgua (Davies and Fruenian) occurs in the Low 
Main Hutton band This evidence strongly suggests that 
the Anthracomya modtolans Zone includes the senes of 
beds between the Harvey and Hutton seams despite the 
absence of several species of Anthracomya which char- 
acterise the zone in South W&lcs 

The most important band in this zone is that found in 
the roof of the Harvey seam of Durham or its equivalent 
m Northumberland, the Beaumont seam Since this band 
15 also associated with a profuse development of ostracods, 
I have called it the Ostracod Band This band is unique 
in the coalfield, as wherever it is found it shows a constant 
three-fold division as follows — 

( 1 ) An upper division composed of Catbomcola and 

'Naiadttfs 

(J) A middle liivision composed of numerous 

Sptforbts and a few Catbomcola and 

fl) A basal division composed entirely of Ostracods 
The particular species found in the band are given in the 
Figure No other band of it-* composite description has 
been found, as yet, at any other horizon m the local Coal 
Measures series It is not the presence of the ostracod 
Beyrtchta arcuata (Bean) which makes it distinctive, but 
the assemblage and order of deposition of ostracods, 
annelids and mussels I have traced it from East Holywell 
in Northumberland southwards to Tudhoe and Bowbum 
in Durham, and from Seaham westwards to Pelton It is 
undoubtedly the most significant palaeontological datum bed 
in the whole of the Northumberland and Durham sequence 
of Measures 

The other bands between the Harvey and Hutton seams 
have not so wide a lateral extension as the Ostracod Band 
I have found them at three collieries only — ^Washington, 
Usworth and Wheatley Hill 

It will be observed from the Figure that C ovahs 
occurs m the bands just described It is not, however, 
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d characteristic feature In the case of the Harvey- 
Beaumont band, the chief Carbomcola forms belong to the 
C subconstneta^ obtusa aqudina^ venusia and tutgtda 
tvpcs The band is therefore included in the A^nthracomya 
modtolan^ Zone 


The and Pulckta Zones 

An examination of the tigure reveals that with the 
evidence available at present it is extremely difficult to 
define the limits of the zones succeeding the Zone of 
Anihfacomya modtolans This is primarily due to the 
rarity of forms of Antkracomya particularly A pulchra^ 
which as far as I know has not yet been found in the local 
Measures It will be observed that the mussel bands are 
most numerous in those Measures extending between the 
I ow Mam seam and the High Main seam in Northumber 
land and between their respective equivalents in Durham 
These Measures vary in thickness from 300 ft to 480 feet 
Some of the bands found in these Measures can be traced 
for considerable distances and contain forms of Carbomcola 
mANatadiie^ with occasional \nihracomya 

Very^ few bands are known in the comparativdy 
unproductive Measures above the High Mam seam, but this 
may be due as explained previously, to the absence of 
adequate records In the higher beds of the coalfirid, 
mussel bands are very poorly represented It will be 
observed that A fktUtpu has been recorded from three 
horizons in these beds C umzlts has been found in many 
of the bands between the Low Main and High Main seams, 
but owing to the apparent absence of fossils associated with 
the Zone of Anthracomya pulckta it does not seem at all 
possible to hx the boundary between the Zones of Cai^m 
cola \tmtbK and Antkracoinya pulckta It is proposed here 
to group the Stmths and Pulckta Zones together and to refer 
to them jointly as the * Pulchga Zones ' It will be 

shown later that with the present limitation of evuienoe, 
one cannot define a satisfactory boundary between 
combined zones and the Zone of Anthracomya phUbpn 
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DescrtpUon of the more important bands in the Measures 
above the I ow Main seam of ^ orthumberland and the 
Hutton seam of Durham 

The Low Mam Hutton band is one of the most wide 
spread bands m the coalfield It has been proved at many 
collieries in Northumberland where it is generally found 
some IS to 20 feet above the I ow Mam seam I have found 
It at many collieries in Durham 1 to 'i feet above the Hutton 
seam, but have not seen it south of Silksworth^ Dr 
Absalom and I have shown that it outcrops on the foreshore 
between St Mary’s Island and the mainland four miles 
north of the mouth of the Tync^ Where well developed, 
the band contains abundant C cf stmtlis (Brown) Other 
forms include C cf extgua (Davies and Trueman), C cf 
aqmltna (Sow }, C cf fulva (Davies and Trueman), H 
modtolarts (Sow ) and N quadrata (Sow) Dr Hind 
has rccordetl A wtUtamsont (Brown;, A modtolarts (Sow ), 
and C nucularts (Hind; from the band exposed on the 
foreshore, below the Waverley Hotel, at Whitley Bay* 

I have found that it also contains the annelid Sptforbt^ 
pu^tllus (Mart) The assemblage of organisms present in 
the band may vary from place to place, but Caebontcola and 
Sptrorbzs are always present 1 suggest that this band be 
taken as being at the base of the Measures succeeding the 
Zone of Anthracomya modtolarts 

The Brass Thill — Low Mam band of Durham is another 
band which I have found is very widely distributed The 
correlation of the seams with which this band is associated 
IS given in my previous paper^ The seams themselves 
are 15 to 60 feet above the Hutton seam This band has 
a greater lateral extension in Durham than that of the Low 
Main — Hutton Band I have found it over the greater 
part of the Durham portion of the coalfield It is partic- 
ularly conspicuous in those districts on the south side of the 
River Wear, where it is found above the Brass Thill 
seam^ It always contains Carbontcola with or without 
Htnadties and certain species of Anthracomya which at 
present cannot be identified Sptrorbts is never present 
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111 this band and thus it cannot be confused with the band 
associated with the Low Mam seam m Northumberland and 
the Hutton seam m Durham The most common forms 
present are C cf aqudtna (Sow ), C aff aqutlxna (Sow ), 
C cf acuta (Sow ), C aff fulva (Davies and Trueman), 
N cannata (Sow ) and ckc ision'illv Vntkracomya spec 
rhere are several other bands above the Brass Thill 
Low Mam band each of which is characterised by contain- 
ing large species of Carbontcola^ chiefly C cf aqutltna 
(Sow ) Two of these bands are fairly jiersistent in parts 
of the Field One of these 1 have found some 20 feet 
below the Main Coal of Durham, in the Spnngwell, Seaham, 
Pelton and Washington districts The other, the High 
Main band, is very well known It is generally found in 
the shale overlying the High Mam Post It has been 
proved at the following collieries in Northumberland — 
East Holywell Fenwick, Earsdon Grange, Bebside, Hartley 
Hester, Seaton Delaval Forster Newsham Hannah, Cam- 
bois, West Sleekbum and Ashington Bothal Dr R G 
Absalom and I have shown that it outcrops on the boiith 
east coast of Northumberland at Seaton Sluice' 

Mr Ford has recorded bands from the sinking reccntlv 
put do>Yn at Washington which were previously unknown 
Many t ^ them are stated bv Mr J T Stnhhs (f>ntam 
( ufftxhi (Brown), using that name in its broader '-en&i 
Mr Slobbs has further recordeil C oiafti (Mart ) not only 
with C but with A phtliifst Forms of Natid^^ r 

are also present with the C at Washington 

The highest horizon yet known in the coalfield where 
C umtlts occurs is found at Washington, where it is 159 
feet below the surface, and feet above the Hutton seam 
From an examination of plotteii vertical sections of borings 
and sinkings this horizon is seen to fall approximately 
within what I have taken elsewhere to be the Lower 70 
Fathom Sandstone series^ The base of the latter is 
roughly ^)20 feet above the Low Main seam of Northum^ 
berland and its equivalent, the Hutton seam in Durham 
The only known mussel bands recorded above th^ 
horizon in Durham are a band containing C agudtna (Sow,) 
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some }Ui feet above the Hutton seam at Washmgton and 
the three A phtUtpst honzcns The highest beds of all in 
Durham outcrop on the north hank of the Wear oppKDSite 
Claxheugh west of Sunderland They consist of blue 
shales with bands of clay ironstone Mr Stobbs dis 
covered 4 pkdltfst in these beds in 19%® and in 1919 
Dr D Woolacott and Dr C T Irechman described the 
palaeontological and stratigraphical significance of the 
discovery*® The other two horizons at which this 
fossil occurs arc recorded in the ^^ashlngton sinking at 
heights of jH feet and ^7f> feet above the Hutton seam 
At the lower horizon Mr Stobbs has recorded it with C 
aguiltna (Sow ) and 6 unit (Kirkby) while at the higher 
honzon it is found in association with C ox alt (Mart ) 
The lower horizon is some G feet above the highest horizon 
at which C with occurs and is therefore in the Measures 
corrcspionding to lh( Lower 70 Fathom Sandstone scries 
A phtlhp t IS thus known to occur in the Measures extending 
upwards from the Lower 70 Fathom Sandstone senes the 
maximum thickness being 980 feet at C laxheugh There 
can br no doubt thit the very highest beds of the coalfield 
are included in the Zone of ^nthracomya phtlltpst but the 
lower limits of this zone cannot be definetl from the evidence 
available at present 

The Martne Band at Ryhopc 

Many years ago Mr J W Kirkbv recorded remains of 
Lingula from a band which was encountered dunng the 
sinking of a shaft at Rvhope and which he therefore 
regarded as being of manne ongin® The manne band 
occurs 17 feet above the Five Quarter seam that is to say 
m measures which in my opinion belong to the Ubper 70 
Fathom Sandstone series I have not found the manne 
band dsewhere in the district nor has any other manne 
band been recorded from the Productive Measures of the 
Field extending down to the Brockwcll seam 

The isolated Ryhopc occurrence may yet prove to be 
significant for if it could be correlated with a manne band 

the coalfields to the south, it might then be possible to 
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utilise It in the definition of the lower limits of the 
Anthracomya phtlhpst Zone It is ver> improbable that it 
IS the equivalent of the well known Mansfield Marine Band 
If it were, it could then be assigned to the middle of the 
Zone of Anthracomya pulckra Until more marine bands 
are proved in Durham (if they cvist there at all) it does not 
seem at all possible t( correlate the Rvhope band with any 
found ii> the Yorkshire Coalfield It should be noticed 
that Dr Trueman and Mr Davies have recorded a marine 
band near the lioundarv of the Pulckra and PhtUtpst Zones 
in the coalfields of South Wales North Staffordshire and 
the North of France* 

Ba\f of the Phtlltpn Zone 

Owing to the rarity of Anthracomya and the absence of 
any definite marine bands one cannot jet define the lower 
limits of the Pktlltp^t Zone There can be no doubt, 
however, that the very highest beds of the coalfield belong 
to this 7onc The underlying Pulckra Zone is in adl 
probability represented hy strata but as already stated, 
no exact boundaries can at present be drawn The present 
evidence suggests the grouping of the Srmglts and Pulckra 
Zones together and referring to them ]ointl\ as the 
and Pukkra Zones The loint zones mav be taken as 
including all those beds extending upwards from the Low 
Mam «5eam of Northumberland and its equivalent, the 
Hutton seam in Durham — probably as far as the marine 
band and possibly beyond Ihe highest beds certainly 
belong to the PhtUtpst Zone Between the Three-Quartet 
or I ower 70 ha thorn ind Closing Hill seams there is at 
present no evidence of zonal value 

Zone of \nihracomya tenui 

This zone is unknown in the Northumberland and 
Durham Coalfield If the beds included in this zone were 
ever deposited, they were subsequently removed by denud- 
ation before the deposition of the Permian ^ 

Conclusions 

1 Owmg to the sparsity of forms of Anthratomfec 
It IS very difficult to define the limits of the non-marm^ 
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lamellibranch zones in this coalheld 

2 All the zones recognised in other coalfields by Dr 
Trueman and Mr Davies arc represented in Northumber- 
land and Durham by some part or other of the sequence of 
deposits, except the Zone of \nthfacomya tenuts 

1 Despite the rarity of forms of Anthracomya the 
Modtolans and Ovalts Zones can be recognised from the 
presence of fossils with which they are associated in the 
type district of South Wales 

4 The Modtolarts Zone probably includes all those beds 
extending downwards from the Hutton seam in Durham to 
some horizon between the Harvey and Three-Quarter 
seams 

It is impossible at present to sep>arate the Stmtlts and 
Pulckra Zones in this coalfield on the basis of Anthracomya 
It is suggested here that all the Measures above the Low 
Mam seam of Northumberland and the Hutton seam of 
Durham, except for the very highest beds, be included in the 
joint Stmtlts and Pule hr a Zones The highest beds belong to 
the PktlltpM Zone but the base of the zone cannot be fixed 
from the evidence available at present 
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Whilst nidiiy natural products undoubtedly arise en 
tircly from formalddiyde units, il appears probable that 
other unit structures are emplo>cd, and the application of 
the isoprene unit to terpene t.heinistr\ is now so well 
•established that a new terpene structure will not meet with 
approval unless it can be derived by a fusion of isoprene 
molecules 

An examination of the structures of animal and plant 
products indicates that these can lie classified according to 
the length and state of oxidation of the carbon chains 
Thus the hexosc Cf group is prevalent and often associated 
with a tnosc, Cj group which probably arises from glycerol 
The state of oxidation fSO"! may be described as the 
number ot hydroxyl groups present m the saturated open 
chain foniiula of the substance, the saturation and ring 
fission being brought by the a^ldition of \\ater Thus the 
states of oxidation of tne carbonyl group the carboxyl 
group and benzene are two, three and tour respectively, 
v^hilst the state of oxidation of a simple carbohydrate is 
n+1, where n is the number of carbon atoms in the molecule 
The conversion of dextrose (I) into kojic aciil (II) by the 
action of various sfiecies of Aspergillus involves an increase 
in the state of oxidation 


HO-CH CH-CHjOH 
HO-CH CH'OH 

CC6;8.0-7) oh 


I 


CH C-CH,OH 
HO’h OH 

(C6;S.0«8) 0 

a 
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The structures of chlorophyll and hacmin provide an 
interesting case for analysis The substance (III) can be 
looked upon as the progenitor from which aetioporphynn 
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and chlorophyll are derived by the loss of four aQ4 tWQi 
molecules of carbon dioxide respectivdv By abstractini^ * 
ammonia from (III), structure (TV) is obtained, which, by* 
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the addition of two molecules of water leads to structure 
(V) consisting of four chains of nine carbon atoms each 
in state of oxidation of nme This would suggest that 
chlorophyll is derived from four molecules of hexose four 
molecules of triose four molecules of ammonia and one 
molecule of magnesia 

The natural pro iucts provide many cases of the associ 
at ion of he ose and triosc units cinnamic aad caffeic acid 
coumarin tyrosine and eugenol being a few of the numerous 
substances based oi the C C model This association 
IS probably the result of an aldol polymerisation It is to be 
noted that in this polymerisation the state of oxidation of 


>C C O 

SO 2 ^ bO 2 


/OH I 

^ >c c— c o 

so 1 -'SO 2 


the molecule to which addition occurs is reduced by one 
unit whilst the state of oxidation ol the addendum remains 
unchanged In the formation of the C* C, model the 
tno«c molecule and the state of oxidation of the hocosc 
portion attaches itself to the bexose and is reduced to six 

C« >r > Ce Cn 

SO"7 S04 S0 6S04 

The following formula indicates the process of poly 
mensation — 


A 


Hoai 


91 /)H 


^•0- 





Jbo 


(C.,80*7) CCmS^4) 




As a rule the triose fragment is present as a normal chain, 
but in a frw compounds e g , tropic aad (VI), the tnose 
fragment occurs as a branched chain m the C, €• complex 
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The flavones the flavonols, the anthocyanins, also 
butein, phloretin and catechin are based on the C»-C,-C* 
model As equation A indicates that the hcxosc portion 
of the C. Cs complex is rendered incapable of further 
addition, it is probable that the C C3 C* model is derived 
by the addition of another hexose molecule to the tnose 
end of the C, C, model, in which case the state of oxidation 
of the tnose portion will be reduced to three Such types 


C« C, Cs 

(8 0-6) (5 0 = 4) (SO = 7) 


Cs Cl — Cs 

(S0 = 6) (SO-3) (SO=7) 


are very common in nature and the groups occur m various 
states of oxidation, the non aromatic C3 group exhibiting 
the greatest variation in this respect Thus it is normal in 
butein (VII), oxidised in the flavones, flavonols and antho- 
cyanidms of general formul<e (VIII), (IX) and (X) and 
reduced in catechm (XI; Prunetol (XII) and indin 
contain a branched tnose chain in their C» C, C, structure 



In a similar manner the alkaloids appear to be dcnvod 
from the ammo aads of the C« and modds Thd 

occurrenc^e of simple tetrahydroisoquinohne alkaloids luch 
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as anhalamine (XIII), alongside the conesponding phenyl- 
ethylamine derivative mezcahne (XIV) suggests that Ae 
former arises frcrni the action of formalddiyde on the latter 
and this process has been performed in the laboratory The 



phenylethylamine derivatives and the more complex alkaloids 
probably arise from ammo acids of the C C, type and the 
norlaudanosine structure (XV) can be derived as follows — 




The structures of papaverine laudanosine, narootine, 
liydrastine, berberine and the phenanthrene alkaloids can 
be derived from (XV), whilst a polymerisation of the two 
aromatic nuclei at “ a ’’ and " b ’* will lead to structure 
XVI j which has recently been proposed for morphine 
Other alkaloids can be derived from the ammo acids 
ornithine (XVII) and lysine (XVIIIj and the formation of 
tropinone (XIX) hygrme (XX) and ^ pelletienne (XXI) 
by the schemes suggested beloih has bm partially imitated 
in the laboratory 
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The ornithine «5keleton is also present in histidine, the 
lysine skeleton occurs in quinine whilst nicotine contains both 
lysine and ornithine skeletons Harmaline (XXIII) and 
physosligmine (XXIV) can both be derived from the ammo 
acid tryptophane (XXII) 



It IS clear that the foregoing prmciples are a very vyjoablp 
ai^ for diagnosing structures to be confinned finally by 
synthesis 
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THE APPLICATION OF PHYSICS TO AGRICUL 
TURK FROM IHE SIXTEENTH CENTURY 
TO THE PRESENT DAY 

By B A Keen, D Sc 

The Physical properties ot soiJ arc of vital importance 
in cultivation ofierations, but althoufirli the art of cultivation 
dates from time immemorial and has been brought to a high 
level of achievement in this country, the science of 
cultivation does not, as yet, exist The development of 
cultivation has been most rapid in the uast 100 years, i e , 
since the time of the Industnal Revolution in this country 
This IS confirmed by inspection of agricultural literature 
since 1534 when the first book on the subject appeared 
written in English, — FilzHerbert's famous ' Boke of 
Husbandry * The introduction of steam power, and in 
more recent times, the internal combustion engine, raise the 
question whether rotary tillage of the soil, produemg a 
finely divided state m one operation, will not replace the 
traditional sequence of opierations, —ploughing, cultivating, 
harrowing, — used at present to produce a seed bed Experi- 
ments have shown that there is little possibility of effecting 
this revolution in methods until we know much more of the 
physical and physico-chemical factors concerned in the pro- 
duction of soil tilth The subject of soil physics has 
aroused much interest in recent years, because of its direct 
application to field practice and also because of the need of 
soil micro-biologists to know more about the physical 
tovironment of the organisms concerned in soil fertility 
The physical properties of soil are now known not to be 
simply those of a granular or porous material, there are in 
addition numerous complex properties due to the existence 
of colloidal material in the soil, that evert a profound 
influence on the behaviour of the soil 
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THE PROPERTIES OF TORSIONAL VIBRATIONS 
IN RFCIPROCAIINO ENGINE SHAFTS 

By G R Goldsbrough D Sc and H B\Kru M Sc , Ph D 

(Abstraci of a paper read before the Royal Society^ ^ept 
igjd Proc Roy Sot , A, Vol 113 ) 

In the process of calculating the critical speeds at which 
dangerous torsional vibrations occur in crankshafts the 
assumption is usually made that the cranky connecting rod, 
piston rod and piston may be replaced by a flywheel m the 
position of the crank having a suitable constant moment of 
inertia That this assumption is not strictly correct readily 
appears from the fact that the contribution made by the 
reciprocating parts varies according to the position m the 
stroke It is, therefore, important to find out the degree 
of error ini^olved in the assumption 

In this investigation a single crank system is examined 
For the purposes of dearness and simplicity a model is 
proposed which embraces all the requisite torsional diar- 
acteristics of a smgle cylinder engine except that the gas 
pressure is excluded Mathematical formula, are evolved 
expressing the character of the torsional vibrations and these 
results are compared with those obtamed experimentally by 
running the model 

The arrangement of the model is shown in Figure 1 
The shaft D is firmly damped to a heavy rotating mass, 
A, at one end and carries the crank F at the other end The 
model IS belt dnven through the pulley C , and the vtbrar 
tions are transmitted to a Geiger Torsiograph by the belt G 
The crank drives a piston of special design through a long 
wooden connecting rod 

In the Paper it is shown mathematically and venfied 
experimentally that the effect of the reciprocating masses is 
to produce a senes of speed ranges within which the tonuonai 
vibrations are unstable The widths of the ranges pro- 
gressively dimmish and their values depend upon the rdative 
mass of the piston (in the expenments three different massif 
were used) The large vibrations occumng m these ranges 
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have frequencies 1, 2, 3 . . . per revolution. The degree 
of instability within each range also progressivdy diminishes 
with the order of the range: in the experiments only two of 
the ranges were in evidence. 



PIGUKK 1 


Superimposed is a further class of forced vibrations 
arising from the reaction of the piston mass upon the crank 



FIGURE 2, 

and having a, frequency of two per revolution. The forced 
vibrattms are quite small in amplitude except in the vicinity 
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of one speed the amplitude being a maximum at that pomt 
and diminishing on either side 

In Figures 2, 3, and 4 the amplitude of the vibrations 
recorded on the Geiger Torsiograph is plotted against the 
speed of the shaft, D , in revolutions per minute It will 
be seen that m the neighbourhood of two widely separated 
speeds the amplitude reaches a high value In the figures 
the solid lines represent the actual results obtamed and the 
vertical dotted lines represent the calculated values The 
nght hand rise of amplitude corresponds to the vibrations of 
frequency one per revolution and the left hand peak to two 
vibrations per revolution No trace could be found of the 
cases of three or more vibrations per revolution 

The three figures correspond to three different weights of 
piston used in the model 
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RECENT DEVELOPMENTS IN PRACTICAL 
PLANT FEEDING 

By C Heigham M a 

In the long run the limiting factor in civilisation and 
human prqgress is food supply and food supply depends 
directly upon the productivity of the soil It follows 
therefore, that any large change or any development of 
science or agricultural practice which makes for increased 
productivity must rank as an eve nt of first class importance 
to the human race as a whole 

Agriculture is a very old occupation and it was brought 
to a relatively high level in the more civilised communities 
a very long tune ago, and it is possible to trace what we are 
pleased to term modern developments in the practice of men 
who have been dead for several centuries but despite this 
we have a right to claim that there have been developments 
of great importance in the last few years, and that there are 
good prospects for the future 

In order to see the matter in a proper perspective we 
must make a short excursion into the past Dunng the 
century beginning IGIO a number of philosophers of various 
kinds set Out to examine what they called the “ principle 
of vegetation T ord Bacon Van Helmont, Glauber, Boyle 
and Jethro Tull were men among them whose names have 
survived Some thought that water the sole important 
factor, others ascribed the magic power of growth to Nitre, 
“ to fire in a fixed state ” (whatever that may be) or to 
earth particles 

The view at the end of the period is sur mied up by Tull 
who says “It is agreed that all the following materials 
contribute m some manner to the growth of plants, but it is 
disputed which of them is that ver\ increase or food 
(1) Nitre, (2) Water, (3^ Air, (4) Fire, (6^ Earth 

From 1730 onwards the general relation of chemistry to 
many of the problems of plant growth was recognised all 
over Europe Experimenters appeared who attacked 
matter of plant food from many different angles A 
number of other salts beside salt petre were found to havg 
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their effects on plant growth 

In 1771 Priestly found that plants lake m gases from 
the air and tend to keep it pure in the animal sense, and so 
opened up an entirely new aspect of the problem in which 
the plant was seen to have other feeding organs than its 
roots alone 

After 1804 Saussure introduced the quantitative experi- 
mental method and was able to show the absorption of 
oxyg^ and the evolution of carbon dioxide by plants and 
also the decomposition of carbon dioxide and the evolution 
of oxygen under the influence of light 

It was some time before his work had general acceptance 
and in the interval (1813) Davy had published his work on 
The Elements of Agricultural Chemistry ” 

It will be seen that the slow accumulation of fundamental 
knowledge was making a foundation upon which a real 
Agricultural Science could be built up and in 1834 Bouss 
ingault m Alsace launched a scheme of work in which held 
plots and laboratory investigations went side by side and 
which enabled the problems of plant composition and nutri 
tion to be studied in a systematic manner 

He worked out the amounts of carbon, hydrogen, oxygen 
and nitrogen and mineral matter used by various crops on 
bis land, added the amounts supplied in manure and took 
the difference as being supplied by air, ram or soil He 
worked out the use of nitrogen by various different 
rotations of crops and found that some of them left the 
soil ncher for their growth 

In 1840 Leibig pushed home the conclusions of Saussure 
and Boussingault in a famous report to the British Assoaa 
tion and it was then generally accepted that the atmosphere 
was the only important source of carbon for the ^ant 
From this Leibig developed his well known thesis and his 
law of minimum 

The crops on a field dimmish or increase in exact pro- 
portion to the diminution or mcrease of the mineral sub- 
stances conveved to them m manure — and by the deficiency 
or absence of one necessary constituent, all the others being 
present, the soil is rendered barren for all those crc^ to the 
life of which that one constituent is mdispensable Leibig 
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forced home thisi pomt and was carried by it a step further, 
to conclude that plants can derive their nitrogen as ammonia 
from the air as they do their carbonic acid 

This further assumption brought Lawes and Gilbert into 
the field to prove by large scale field experiments that this 
was not so and that the nitrogen supplies of the plant came 
from the soil and mainly m the form of nitrates The 
original experiments of Lawes and Gilbert are still going 
on and they have produced, and are producing a great 
mass of data upon which the more modern advances of 
plant nutrition are based From 1843 till 1900 Lawes and 
Gilbert worked together in one of the greatest partnerships 
of practical man and scientist that has ever been known, and 
through all that long period they continued with patience, 
ingenuity and set purpose to develop their attack upon the 
problems of plant nutrition Quite early in the period 
they were able to find a commercial application for the 
discovery that msoluble phosphates may be rendered more 
readily available to plants by treatment with Sulphuric 
Acid, and a great deal of the later work both of themselves 
and their successors has been financed by the proceeds of 
that discovery 

Despite the commercial turn which the discovery and 
exploitation of Superphosphate gave to one aspect of their 
task 1 awes and Gilbert continued to work on fundamental 
Imes and not in a narrowed field, and the great and lastmg 
benefits left by their association come from the fact that 
they sought knowledge for its own sake and without 
deliberate bias 

It IS worth while to remark here, before leaving the 
historical aspect of the subject, that nearly all the advances 
that have b^ made in the knowledge of plant nutrition 
have come as the result of work in pure saence which often 
enough showed no obvious connection with the subject 
Tune and again it has happened that the research workers 
have been held up at what appeared to be the outer edge^of 
knowledge, when some discovery of a new aspect or an 
improved process made by a worker m pure soeopce hu 
opraed for them a whole ne^^ fidd of mvestigation Pnestly^F 
discovery of oxygen is a case in pomt, and Saussete^^ 
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Eudiometnc method for gas measurement is another while, 
in more modem times the discovery of soil bacteria and 
symbiotic organisms is a third 

The History «-eem'' to suggest that although specialised 
and applied workers are necessary to explore and exploit 
such fields of knowledge as are already in view, the great 
discoveries have come and will come as the result of the 
work of pure science and the pursuit of knowledge for its 
own sake 

To turn now to the more modem aspects of the problem, 
as a result of past work we know now that there are five 
factors which greatly affect the growth of plants and we 
have some idea of how they work in the plant They are, 
water supply, air supply, temperature, the supply of plant 
food, and presence of injurious factors, and it is within 
the scope of these nve that we must look for recent advances 
and developments 

We know also that the five although producing their 
individual results are found together in the field and tend 
to mteract in a very complicated manner Wc find that 
although for laboratory purposes the usual type of con- 
trolled experiment dealing with one factor at a time remains 
our standby, it is necessary in the field to consider several 
variable factors at one time It is only in the last few years 
that this has become possible and that as a result of advances 
in* pure mathematics and in the study of statistics 

Statistical analysis has been applied to some of the great 
mass of earlier work >\hich has been accumulated in the 
older research stations and it has enabled new interpretations 
to be made of collected results which bring them much nearer 
to the truth 

In addition to this it has brought a possibility for close 
and accurate experiment in the field which is new, and which 
enables workers to use field experiments for comparisons in 
which only small differences are to be expected, and which 
were formerly confined to the laboratory or the greenhouse 
As instances of the use of this valuable development 
which IS associated closely with the names of " Student 
and R A Fisher we may take the recent mterpretations of 
the Bixmdbalk field results of I awes and Gilbert Fisher 
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has been able to sort out from the mass of other factors 
the influence of Rainfall on the Yield of the Wheat and 
thereby to obtain a very much closer interpretation of the 
action of the various manunal treatments over a wide range 
of seasons 

It was possible with the older tyt)e of field experiment to 
obtain useful results when the comparative treatments were 
such as might be expected to give differences of 20% or 30% 
in yield and a great deal of useful work was done by means 
of such experiments carried on through a long course of 
years, but when the mam differences had l^n established 
and it was desired to get down to close details, field experi- 
menters >\ere brought to a pause by the great amount of 
uncertainty that existed in the interpretation of the results 

By use of the method oi -ilatistical analysis coupled 
with an adequate replication of treatments and a carefully 
designed lav out of the field plots it has been found possible 
to deal certainly with differences of the order of and thus 
a very large ne>\ field ot Viovk has been laid open for 
experimenters 

Of the five factors having influence upon the growth of 
plants that of the supply of plant food has received perhaps 
more attention than the otners and a short review of some 
recent work and opinions will serve to illustrate the trend of 
progress and to link up the more academic work of the past 
with practical issues of the present 

Nitrogen, Phosphorous, Potash and Lime are the four 
factors which have received most attention, not because they 
arc more necessary to the growing plant than a number of 
other substances but because they are the ones which are 
most likely to become deficient in a cultivated soil and 
which, m consequence, are of great moment to the coQimercutl 
grower of plants 

To take them ui order, Nitrogen starvation is well 
marked in the field as in water cultures by a general stqpting 
and yellowing of the plant An addition of nitrate the 
starved plant brings at once an improvement in colour and 
a strong growth of leaf If all other nutrients are present 
in sufficient quantity this will result m a general improvement 
of the plant, but if not the result may only be an increase of 
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leaf area without a corresponding increase of efficiency m 
the assimilation rate for carbon ihis is well ^own by 
Gregory's recent work on barley Increased leaf growth 
has at times great agricultural value and this is recognised 
in practice by the increasing use ol quickly acting nitro- 
genous salts as top dressings to growing crops These 
dressings are of particular value where it is desired to force 
a crop forward in order to take advantage of a good 
growing period or where an increase of leaf area may enable 
the plant to combat successfully some fungus or insect pest 
whi^ has a relatively short period of attack 

The leafage produced by excessive use of nitrogen is 
characteristic in that it is soft, sapp> and very dark green 
and IS particularly liable to attack by insects and by fungus 
so that in practice the grower may soon meet with the limit 
to the effect of the nitrogen remedy for such attacks 
Further it is now well established that extra nitrogen has an 
effect m delaying ripening, and this in many situations 
and with many crops, may be a serious matter The nitro- 
gen IS generally taken up by the plant in the earlier stages 
of growth but it has to be translocated to the seed or other 
food store before the organism ceases vegetative growth and 
comes to maturity This takes time and where the supply is 
excessive this will mean delay in tlie period of npcning 
A very good case of this was seen in an expenment by 
Heigham and Page with sugar beet earned out in 192f) 

Four treatments were given which differed only m the 
amounts of nitrogen employed These were expressed as — 
2N-6N-9N and 12N and were roughly equivalent to 2, 6, 
*9 and 12 cwts of nitrate of soda per acre Each treatment 
was replicated four tunes and the whole was set out in what 
13 called a latin square The three last treatments were 
known to be excessive in amount and the land was in good 
heart, but it was desired to study their effect rather than to 
obtain a maximum yield of beets 

The yields of roots and tops ootained in tons per acre 


were — 

Roots 



Sugar % 

Tops 

2N 

I'j tons 

17 

cwts 

18 0 

20 tons 0 cwts 

(>N 

14 .. 

12 

>» 

17 4 

26 „ 

« .. 

9N 

14 „ 

12 

> * 

10 8 

26 

0 „ 

12N 

14 

19 


17 2 

26 

13 .. 
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A usual ratio of root to top m sugarbret is about 3 2 and 

'With a 1*) ton crop there would be about lU tons of tops, 
but it will be seen that m this exiienment the result is very 
different 

In Doint of fact the beets, although left late into Decem- 
ber never showed the common sign^ of maturity and they 
were harvested as a still growing crop The supplies of 
nitrog^en were so large that the plants never succeeded in 
using them to advantage but in the endeavour to do so went 
on putting out extra leafage without however, increasing 
their assimilation efficiency for carbon 

Nitrogen, although of course adequate supplies of it are 
necessary to all plants, has been called * the manure of the 
green leaf/’ and certainly it finds very valuable uses m 
those departments of agriculture which arc concerned with 
the production of abundant herbage for animal feed mg 
Green crops they are called answer particularly well to it 
and in the last few years the use of it for grass production 
has been very much increased The fact already mentioned 
that plants generally take up their nitrogen supply early in 
life has been used to advantage in this, and we find com- 
mercial applications of it in grass husbandry m the work of 
Wagner of Berlin during the war and in much more recent 
Enghsh^vork of the same kind 

The reasoning underlying Xh\^ work is as follows — 
certain types of animal production notably the production 
of milk and the production of new tissue in growing beasts, 
involve the use of considerable quantities of protem In 
the ordinary way elaborated protein is expensive to buy and 
the cost of large sunplies it operates unfavourably against 
prohtable animal husbandry Although protem as su^ 
may be expensive, nitrogen as such ma> be relatively che^ 
and nitrogen is generalK to be considered as the costly 
constituent of protein The question then arises how 
may nitrogen be brought most cheaply to the protein form 
for the use of the producing animals? If plants can be 
used so as to elaborate it quickly attd cheaply for anuittl 
use then this may be the way 

Plants can be so used, especially grass plants, for they 
take up their nitrogen m the early stages of growth and ca4 
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be used while their bulk is still small in relation to their 
nitrogen content Further, if ample supplies of nitrogen 
are available m the soil the plants will recover quickly from 
the early check by grazing or cutting and will at once begin 
to take up and elaborate fresh supplies of nitrogen They 
will do this all through the growing season and will thus 
produce a succession of light crops of highly nitrogenous 
material which is of the greatest value in the production of 
milk or young flesh 

Provided always that the supplies of other plant 
nutrients are sufficient and that the water supply and the 
temperature are suitable it has been found that this system 
of intensive production works very well and that it enables 
the amount of milk and meat produced per acre of grass 
land to be multiplied by two oi sometimes by three or four 
It has appeared in much recent work that the efficacy of 
nitrogen as a plant food is bound up with (a) the supply of 
potash to the plant (this is particularly noticable in dry 
seasons) and (b) with the condition of the soil in respect to 
acidity Also it has been found that the condition of 
aeration of the soil is important Large supplies of nitrogen 
arc wasted if they are applied to water-logged soil, for under 
such conditions they cannot be elaborated by the action of 
aerobic bacteria to the nitrate form in which plants can use 
them Actually in very wet conditions denitrifying organ- 
isms can do more work than nitriflers and an actual re- 
gression of available nitrogen can appear This mention of 
bacterial action introduces another aspect of the nitrogen 
problem which is of comparatively recent development and 
which IS certainly not fully understood at the present time 
We know from the work of Nobbe and Hiltner, and others 
who have followed them, that certain bacteria livmg in 
symbiosis with leguminous plants can fix atmospheric 
nitrogen on the root nodules of these plants We know also 
as the result of the brilliant work first of Winogradsky then 
of Beijcmick and a host of others that certam free bacteria 
m the soil can also use the nitrogen of the air and flx it in 
their tissues for the ultimate use of plants 

As a result of these discoveries and of observations by 
practical plant growers we know that full use cannot be made 
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of nitrogen supplies in the soil unless proper conditions of 
aeration and temperature are also present These conditions 
introduce a very considerable complication in practice and 
open up a fresh field for investigation of the interaction 
which must exist between manuring and those acts of cultiv- 
ation which modify the soil conditions with regard to 
bacterial life Work on this subiecl is proceeding but at 
present the results obtained are insufficient to admit of any 
large generalisation 

We can say with regard to nitrogen that the recent work 
has enabled us to come from the general to the fiarticular 
and that we now know not only that nitrogen will produce 
a considerable increase of growth in most crops^ but wc arc 
able to say with some certainty what that increase will be 
under any particular set of conditions This means that we 
have progressed from an academic to a commercial stage 
and we can now pause to look at tlie mailer from an entirdy 
different angle 

Having found the uses of the material we can now 
look to the development ol the sufiplies and we shall find 
that in recent jears great developments have taken place 
In former times nearly all the nitrogen used for manuring 
purposes was in organic form, as farm \ard manure or 
organic* residues but with the development of industry and 
transport, supplies of another kind began to appear in the 
first half of the 19th century Coal gas manufacture yielded 
Sulphate of Ammonia as a bye product Chile saltpetre began 
to be imported from the salt deposits in the dry area at the 
foot of the Andes These were the first of the artifiaal 
nitrogenous fertilisers which came to aid the older supplies 
The tec:hnique for the use of them was established m due 
course and their success combined w ith the growrth of know- 
ledge of plant nutrition has given rise to many new 
supplies Not so long ago Crookes (1897'^ drew attention 
to the fact that the supplies of nitrogen as represented by 
organic fertilisers and the two others already mentioned 
were likely to prove inadequate for tlie world’s demand for 
food stuffs He pointed out that some 4/'!) of tbfe air^ts 
free nitrogen and that this represented a supply that zxugHt 
well be tapped to avert the crisis of star\ ation which he sasir 
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in thr future Whether as a re-sult of his warning or not, 
use has been made in recent vears of the atmospheric nitrogen 
and we no>\ have large supplies of ^veral nitrogenous 
fertilisers tlerived from it Nitrate of lime, Calcium 
Cyanamide and Sulphate of Ammonia are being produced 
in increasing quantities from atmospheric nitrogen not as 
bvc products of some other trade but as the principle pro 
ducts of great manufacturing organisations The use of 
them is extending from the Euro\x*an countries and America 
into the other great plant growing areas of the world where 
their effect in increasing production is likclv to be so large 
as to alter the whole aspect ot the problem of the world s 
food supply 

We may say then of nitrogen that recent work has 
brought the older discoveries to truition and that the present 
time IS ript to be an age ot realisation for the dreams of the 
past Yet while tins is so we must admit that we do not yet 
understand the whole of the problem and that there are 
always fresh fields for our investigations be they iunda 
mental or particular 

The action of Phosphorous in the plant is less obvious 
than that of nitrogen but it is of the \irv greatest impiort 
ance Phosphate starvation is shown by a characteristic 
reddening or purpling of the green tissues and by stunted 
root growth This has been known for a long time but it is 
only recently that Gregory has been able to measure the loss 
of efficiency in carbon assimiliation that accompanies these 
conditions 

A great deal of the soil of the world is insufficiently 
supplied with phosphates and therefore in practical agncul* 
ture a great deal of stress has been laid upon the problems 
of phosphate manuring 

Where the phosphate supply is adequate the ripenmg 
process is hastened a little and for this reason dressmgs of 
phosphate are used in cold or northerly districts to help to 
bring the com crops to maturity before the cold of autumn 
sets in Russell states that the northern limit of several 
crops may be extended by the ust of extra phosphates 
Phosphate starvation in some parts of the world, notably in 
South Africa, is very marked and is accompanied by a 
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serious alteration in the composition of the crops which 
greatly lowers their feeding value In our own country we 
know that the best pastures for fattening purposes are gener- 
ally well supplied with phosphate and we also know that 
additions of phosphate will often bring about a great and 
beneficial change in the growing herliage 

A great deal of the field work with phosphates on grass 
has been done by Somerville, Middleton and Gilchrist work- 
ing from Armstrong College on the Cockle Park farm of the 
Northumberlantl County Council J hese workers found 
that on the poor and acid clay of this farm dressings of 
phosphate either in basic slag or as ground mineral phosphate 
firoduced a very marked result in changing the herbage 
from a mixture of coarse grass and rushes to another of 
finer grasses and white clover Tlu change m this case is 
so remarkable as to be quite obvious even to casual inspection 
and It IS associated with a very great increase in the stock 
carrying capacity of the soil I he function of the phos- 
phates in encouraging vigorous and early root growth is 
particularly valuable on strong and cold clays where the 
mechanical conditions are against the young plant m its 
endeavours to put out working roots and the need for 
additions of them is generally found to be more acute upon 
such soils than upon good sands and loams 

Another aspect of the use of phosphate which may have 
some bearing upon the success of Somerville and Gilchrist 
appears in the more recent work of 1 hornton and Gangoulee 
with strains of the Bacillus Radiricola These workers 
found m the life cycle of that bactenum which form nodules 
on the roots of Lucerne (Medicago), definite stages are 
traceable m which the organisn^ is ciliate and motile and 
that these motile stages could be prolonged and strengthened 
by traces of phosphate m the medium upon which the 
bactena were living During the motile stages the bacteria 
can move about m the soil and spread from place to place 
and from plant to plant though as yet the area of theft 
perambulations has not been accurately determined It 
appears, therefore, that the addition of phosphate to^a soil 
as to a culture may have its effect upon Bacillus Radicioola 
and make that organism more efficient in its search lor 
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young: clover roots on which to live If this is true of the 
strain of fiac Radicicola that lives with Wild White Clover 
as it IS with that found on Lucerne then it may help to 
account for some of the remarkable results obtamed on 
heavy soils which have natural phosphate deficiency 

As with nitrogen so with phosphates, the progress of 
knowledge to link up with practice has brought a great 
increase in the supplies available to the farmers and has 
brought also a growing demand for phosphatic fertilisers 
from all parts of the world South Africa, Australia and 
parts of Canada are all beginning to use great quantities of 
phosphates while the use of them in the older countries 
tends to increase also The supplies available are in the 
form of Super phosphates, made generally from rock phos 
phate treated with sulphuric acid to convert it to a soluable 
mono-calcic form Basic slag, a b\e product of steel manu- 
tacture which vanes greatly in value according to its exact 
constitution Ground Mineral Phosphate from the vanous 
natural deposits of phosphatic rocks in North Africa, Bel- 
gium and America Vanous bone products 

Unlike nitrogen we cannot extract phosphate from a 
vast atmospheric store and it may happen in the future that 
we shall have some dithculty in supplying the need of a very 
thickly populated and intensively cultivated world 

Brenchlev and Maskell have shown that the action of 
phosphate is aided to some extent by Silicon but at present 
nothing has been found to replace it in the plant economy 

Potash, according to Russell, produces four distinct 
effects on the plant — 

(1) On the general health and vigour of the plant 

(2) On the efficiency of the leaves for synthesising and 

translocating Carbohydrates 

(3) On certain processes occurring in leguminous plants 

(4) On the formation of gram 

It IS certainly true that plants that are potash starved 
suffer more from adverse conditions than do others which 
are adequately supplied with it 1 his is a matter of com- 
mon observation in years of drought particularly with such 
i crops as potatoes and mangolds 
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In an experiment with potatoes earned out at Rotham 
sted m 1926 a year when a strong summer drought was 
experienced an addition of 2 cwt of Sulphate of Potash 
per acre brought the crop from 6 22 tons per acre to 9 IftO 
tons per care an increase of about SO/ It has been 
found also that plants which arc short of potash succumb 
more easily to the attacks of fungi or insects and that they 
have less recuperative power than others Fins has been 
well observed by Bewley with tomatoes under glass who 
has found that potash dressing helps the plant to resist the 
bacterial stripe disease 

It appears that there is a very close relation between 
potassium and nitrogen in their action m the plant and the 
effect of either will depend a great deal upon the balance of 
the two anti a good deal of work is being done at the 
present time in the endeavour to obtain an exact interpreta 
tion of that balance 

Beyond the fact that under manv conditions added 
potash will encourage the increase of leguminous plants very 
little IS known of a relation which certainly exists Stoklasa 
considers this is due to the action of potash in assisting 
protein synthesis but this is not yet well proven It is 
certain bpwever that potash starved plants will not form 
gram well and in severe cases may lail to come to maturity 
at all 

The rrain supplies of potash are found in mineral de 
posits in Germany and Alsace and since these have been 
opened up the use of wood ashes and seaweed the older 
forms of pottassic fertiliser has largely ceased Dunng 
the war a good deal of flue dust from steel and other works 
was used 

Potash defioency appears most often on the lighter soils 
but it does not as a rule appear with such mariced effett as 
phosphate or nitrogen deficiency There has been an in 
crease in the use of potash salts and there may cbdie a tune 
when It will be necessary to augments the existing sourced 
by drawing directly from the sea Quite recently the Dead 
Sea has been examined with a view to using it fit thi^ 
purpose but no immediate development is expected 

Die question of lune and the part played by Calciutn 
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in plant nutrition is too big a one to deal with at the end 
of a paper and it must suffice to say that although all plants 
contain some calcium in their make up it i& as a soil con 
ditioner and an arid neutraliser that it finds its mam uses 
in agriculture By correcting acid conditions it helps 
vigorous root and bacterial growth in the soil and by 
causing flocculation of the very small particles of a heavy 
clav it helps to improve conditions of aeration in the soil 

The shortage of it is gencrall> more serious on light 
soils than on heavy ones as in the former there is no clav 
colloid material to buffer the effects of acid in the soil 
solution 

The question ot lime supply is ont that is attracting a 
great deal of attention at the present time largely because 
there is a progressive loss of calcium to the top soil At 
Rothamsted where there is a good natural supply of Calcium 
Carbonate in the soil this loss is estimated to be equivalent 
to S cwt of CaCO pet acre per annum 

It is obvious that where lime is being used up by crops 
and there is also this annual loss by leaching, a time will 
come when a definite shortage will have to be faced This 
is not a new fact although now it is expressed m more exact 
terms than heretofore 

In many of the oldest systems of husbandry of which 
we have record we find that the farmers have made a free 
use of quick lime, chalk and marl, and heavy dressings of 
these materials applied once in 20 years or so were often 
used Of late years owing to the increased cost of labour 
these heavy liming operations have tended to be neglected 
and in consequence each year finds more and more land 
showuig signs of lime shortage The modem method of 
using It IS to apply the material m a fine state of division 
in small quantities once in 4 or 5 years and this avoids to 
some extent the very heavy outlay of the older systems, 
but even with this saving the economic position makes it 
verjf difficult for the farmer to make proper use of the know 
ledge that is available 

Looking back over the ground we have traversed we get 
an impression that the greatest developments m practical 
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plant feeding in the last fe\\ years have been associated 
with practice rather than with principle 

The older research workers succeeded admirably m their 
primary investigations into the main requirements of plants 
but they did not tor the most part trouble with the practical 
details The filling in of these details has been the business 
of their successors and is still going on, but enough has been 
done now to bring practice and precept into close touch and 
to give concrete form to the shadows of yesterday 

The passage of successful rt suits from the laboratory or 
the experimental plot to the commercial farm or garden has 
been hastened considerably and now wc are lieginning to sec 
a really wide application of the principles already estab- 
lished 

There is of course no finality to most problems of bio- 
logical research and in the case of plant feeding there are 
great fields of work yet to be exploited and there are prob- 
ably discoveries in the womb of the future which will 
revolutionise our ideas of the life of the plant and its 
requirements as has happened more than once m the past 
In the meantime we have much to do in developing 
and applying the knowledge already gamed 


BIBLKKjRAPHY 


Bacon t rinLib 
Beijtnnck, M ^ 


BoUSSlDK^uLt 
Bo\h Robert 
Brenchl<^, F 
Lockle Park Guides 
( rookc<i, W 

nav> 

(isher, R A 
Fii^her, R A 


Glauber 
Gregory, f G 

Hall, A D 


S> Iv I Silv-iium 1627 

h ixation of tree atmospheric nitrogen by 
V/otobartes in Puu Culture Distribution 
>f this Bacterium 1908 

( ollectcd papers, Annalts de Lheiuie 
The Sceptic il Ch^mlst U<61 

Manuiing of Grassland for Ha\ 

Seri*^ i 6 q 6 

Pre idcntial Addicss to British Association 

1807 

t lemcDts of Agticultural Chemistry” 

1818 

Statistical Methods for Research 
\\ orkeis, ind hdition 10S8 

the Influence of ram on the yield of 
Whdt at Rothamsted Phtl Trans Roy, 
Soc * 

Miraculum Mundi ” 1666 

The Effect of Climatic Conditions on 
the Ktowth of Barle> h 

The Book of the Rothamsted Eicperi- 



40 


HnRhsLtn & 1 he ( ulture ind Manuring of Su^ar 

fie cl Roika%n ted i ottfetences \ ol I\ 

Helmont, J B van , Opci i Omnia C ompIcMonum itciuc* 

inistionum cUnicnt ilium hgmtntum 

1(>44 

Laucs & Gilbert Roiham ted Mimon 

Liebig Chtmistn in its Application to Agn 

culture and Ph>»'ioiogv 

\obbc & Hiltntr Ucbii dit Anpassungsf'ihigkeit dcr 

KnollchcnDakterun ungleichen Ursprungs 
'll! \ ci«‘chiedene Legumino^eng'ittungen 

1896 

PncMley 1 \peiiinenls ind Ob'^eri ations on Differ 

tnt Kind«t of Air 1775 

RothamHed Lxpfttmcnial Sialton Reports 19(ti 1926 
Russell, C J Soil Conduion<i ind Plant Groutli ' 

Fitth tdition 

Saussure Recheiches> t hemiques sur la \ egetation ' 

Stoklasa I cbti dtn Urspiung dit Mcnge 'ind die 

Bedeutunj^ dts K ihlmdiowds im Boden ' 
Ihornton & (iingulec The life C\clo of the Nodule Or 

^ inisnis 

Tull Hor<tc Hoein*, Husbandrx 

Winogridsk> S Ktchcicht'* sur Ics orgmisnus de la nilii 

firation \un il of Pn\tci9f ln\UUiU 1890 



41 


THE PLANKTON OF THF RIVER TYNE 
ESTUARY 

Bv Olga M Jorgensen M Sc 

Plankton samples from the tidal region of the Tyne — 
from the Black Middens up to Newhum Suspension Bridge, 
a distance of fifteen miles — ^were taken during excursions 
made with the Motor Yacht ‘ Evadne ' from the Marine 
Laboratory at Cullercoats for the purpose of studying the 
condition of the rner with regard to pollution These 
samples, together with a series obtained weekly at the 
Swing Bridge, Newcastle-on Tyne, from May to Decem- 
ber, 1925, were examined, and it is from the data so 
obtained that the following account of the floating life of 
the river is compiled 

The contents of the catches made bv the ‘ Evadne ’ on 
May 2nd and July 26th, 1922, have been reported on 
briefly in the Marine Laboratory Report* but arc here 
considered more fully and in conjunction with those obtained 
on July 22nd, 1925, and those from the Swing Bridge 
Also, as it IS difficult to appreciate the extent to which the 
planktonic life of the river is affected by the great industrial 
area through which it flows without making a comparison 
with one not so affected, an account is given of the con- 
ditions which obtain in the Coquet 

From an amalysi^ of the data thus at our disposal it is 
possible to deal with the plankton of the Tyne quantita- 
tively and qualitatively and to indicate its vanability due 
to the condition of the river m relation to temperature, the 
amount of dissolved oxygen and the state of the tide A 
comparison of the species found in the tidal regions of the 
Coquet and the Tyne will show that while each estuary 
can be regarded as being " biologically, as it is physicldly 
and chemically, an arm oi: the sea “* the greater length of 
the estuary and the far-reaching effects of pollution ^ve 

Estuarine Plankton/' by A Meek, Dove Marine Laboratoiy, 
Cullercoats, Report for IW, pp 78 91 



SU.INITY OniANiSMS 


42 



43 


masked this very considerably in the case of the latter 
river This is indicated m the following table 


1 \BI I 1 



Marine 

Estuarine 

Fresh 
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38 
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f 14 

1 

’6 
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May — Novf 1925 

i ^PP oicuied oiily once or t^\lce S «pp appealed 


( M-veral limes but were always rare ) 


The Coqiut The samples were taken at fairly regular 
intervals during a complete tide and with the exception of 
one estuarine species, Neomysts lulgans^ and a single larva 
of one of the Psychodidae, the contained material proved 
to consist entirely of marine species of which there were 
thirtv-six A detailed list of these is given in the above- 
mentioned report The number of species and individuals 
present in the samples varied according to the state of the 
tide Temperature can be disregarded as a factor in- 
fluencing the numbers as it varied only a very small amount 
— ^between 11 8 and 12 h deg C — during the experiment 
Each group of organisms was analysed separately and. 
the results, indicated graphically, show a remarkable uni- 
formity in the way in which their numbers vary (See Plate 
1 ) At the end of the ebb tide, when the salinity is lowest, 
only small numbers of organisms were taken During the first 
two hours of the flood tide, while the salinity is nsn^ a 
slight increase in numbers is observable, but it is not unhl 
the maximum salinity (3420) is reached that a gr^at in- 
crease in the numbers present in each group takeft plac^ 
Just before high tide there is a temporary, but very marked 
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decrease in numbers and then, when the salinity begins to 
i all aga n, a rapid and very considerable increase which is 
maintained to the end of the expienment — ^that is three 
hours after high water, when the salinity has fallen to its 
original level 

The outstanding fact brought out by this analysis is 
that large quantities of marine organisms are carried up the 
estuary at a certain rate by the flood tide and are driven 
back again during the ebb with increased rapidity due to 
the la t that the latter is tlie stronger cur-ent, being pro- 
duced by the combined effect ol tide and ri\er 

TAf 2yn€, (1922 Samples) As indicated in the tables 
compiled previously*, the number^ of species and individ- 
uals of pelagic organisms obtained in the samples taken in 
May and July, 1922, were comparatively very small and 
consisted chiefly of copcpiods, diatoms and pendinians It 
^^as noted that some specimens of Nconiysis occurred but 
that this fetuarine form was much less common than else- 
where in the district The commonest copepod in the Coquet 
samples was the marine Ttmora longicotnis whereas, in the 
Tyne samples this was replaced by the closely allied form, 
Euryiemora htfundotdes This spiecies did not occur lower 
down the nver than about three miles from the mouth Both 
srt*i of -samples show Furytemora to be particularly 
alundant near the entrance of the Teams and Dcr%vent into 
main stream f Plate II ) 

Of marine species only phyto planktonic forms, diatoms 
and pendinians, appear to be able to survive, except on 
rare occasions, along the whole reach of the long and heavily 
polluted estuary, and the analysis of the Swing Bridge 
samples suggests the possibility of some of these being 
freshwater species earned down trom above the tidal area 
July, 1929 On this occasion the sampling began at 
Felling (Station I ), and was continued to a point a short 
distance above Blaydon (Station 9) The material ob- 
tained IS more valuable than the previous samples in that we 
have a record for each station of tha amount of disbolvfad 
oxygen present, which was abnormally low, and of the 
temperature, which showed considerable variation/ both 

*Dove Manne Laboratory Report for 1923 For list of s^iof 
collected in October, 1911, see also Report for 1912, pp 74 76 
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phenomena are accounted for by an exceptionally hot, dry 
season and afford an opportunity of studying the effect of 
these changes m environment on the planktonic organisms 
concerned 

The following table shows the species present and their 
listnbulion 
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The graphic representation of the data given on Plate 
III shows unmistakably that a decrease in the percentage 
of dissolved oxygen, correlated with an increase in temper 
ature, has a marked effect on the plankton of the region 
sampled It is evident that only iirmly established estuarine 
forms are able to withstand the adverse conditions Eury-^ 
temora has tremendous powers of resistance but a very low 
percentage of oxygen bnngs down its numbers, especially m« 
the case of the young stages which disappear entirdy when 
the oxygen content falls to tero The same state of affairs 
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obtains m the case of Neomysis and it is evident that it is 
the relatively small quantity of oxygen in the polluted water 
which 19 responsible for the compirativc rarity of this^ 
species in the Tyne 



trom May to December, 192'i except during the greater 
part of July and August This omission was unfortunate, 
as the river was then in a very bad state due to the weather 
condition^ mentioned above, but the effect of this on the 
plankton has already been seen from the study of the July 
^^nd material 

The analysis of these samples is given in Table III 
and IS represented graphically on Plate IV 

Eurytemora and Neotnym An examination of Plate 
IV bears out what has been said as to the relationship be- 
tween the numbers of these forms and the condition of the 
water as regards temperature and oxygen-content, this being 
particularly marked in June and again at the beginmng of 
July, when the temperature rose and the dissolved oxygen 
dropped below thirty per cent 

The young stages of Eurytemora are shown separately 
from the adults, as otherwise the real differences in number 
would be still more exaggerated than Ihey must be, as it is, 
due to the fact that the exceedingly large numbers ptesen^ 
m May and June must be accounted for by the reptoduo- 
tivily of the creatures at that tune 
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The smaller numbers of Lurytemora and Ncomysis from 
September onwards had the same relation to the temperature 
and oxygen curves Until a considerable fall in temperature 
occurred in November when numbers of them were evidently 
kilhd off by the cold, and the incr<.Asen amount oi oxygen 
had no apparent effect 

Diatoms Only small fluctuations in the numliers of 
marine diatoms were ncted from ^lav to July, while there 
was a marked increase in September The large vernal and 
smaller autumnal maxima which occur in the numbers of 
diatoms present m the sea are well known and it is evidently 
due to the latter that we have greater quantities of marine 
<liatoms in the Tyne at that time, while the experiment was 
not commenced early enough to show the effect of the 
vernal maximum 

It was suspected that some few ol the diatoms obtained 
belonged to freshwater species and samples were sent to Dr 
B M Grifiiths at Durham for examination I am indebted 
to him for the information that fieshwater diatoms are 
present but that they apfiear to have been dead or dying 
when the material was collected Tt is apparent therefore, 
that such freshwater forms are only accidental and tem- 
porary sQjourners in the c«*tiiarv and are less resistant to 
the chan^d conditions (chiefly as regards salinity, prob- 
ably,) which obtain in the estuary than arc their sea- 
dwelhng relatives 

The freshwater species, amsidered separately, are seen 
to be more numerous in Ma\ and again m October, sug- 
gesting that vernal and autumnal maxima are indicated 
as occurring among these forms, but rather later than the 
corresponding phenomena observable in the sea 

LnmbftctUu^ ltneat7i\ One form found in both the 
Swing Bridge material and the July 32nd samples deserves 
mention This is an oligochacte of the family Enchytraeidae, 
Z hneatus^ which is not normally planktonic in habit It 
IS the commonest littoral enchytraeid of northern Britain 
It lives under stones, etc between tide marks and has not 
been recorded previously from an> other type of habitat 
I have to acknowledge my indebtedness to Dr J Stephen- 
son of Edinburgh, for this inforniation and for the con- 
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siderable amount of trouble which he took in identifying 
my specimens 

The worms were found m considerable numbers between 
Felling and Redheugh Bridge (Station ^)), m July and also 
occurred in the majority of the Swing Bridge samples from 
May 20th, onwards In the July 22nd samples they occu 
pied the region in which the percentage of dissolved oxygen 
was down to zero, and Professor Meek's suggestion that 
the presence of the worms in the water was due to lack of 
oxygen in the mud of the river bed, offers an explanation 
of what was probably taking place at that time, when the 
nver was in an abnormally bad condition, but it does not 
account for the state of affairs encountered m the Swing 
Bridge samples In these the numbers of worms follow the 
oxygen cur\e, being greatest when the oxygen content is 
hijfh 

We know too little of the condition of the river bed and 
of the habits of these worms to offer any definite solution 
of the problem, but it is probable that their presence in the 
plankton is due, to a great extent, to dredging operations 
farther up the river The worms will be disturbed when 
these are in progress and will be earned along by the stream 
for some time That being the case they should make their 
appearance m greater quantity at the places sampled during 
ebb tides An examination of Plates III and IV will 
show that that is what actually does happen both on the 
occasion of the July excursion and in the catches made at 
the Swing Bndge 

Summary From such an examination of the Tyne 
estuary, from a biological point of view, as is possible with 
the material under consideration, two facts are outstanding 
1 Far fewer both of individuals and species of 
marine animals carried up by the tide are able to remain 
alive for any length of time in the Tyne estuary than 
IS the case in a comparatively unpolluted nver like the 
Coquet It IS only on rare occasions that such forms 
have been noted from the Swing Bndge, and these only 
in very small numbers, e g , a young flounder, a few 
sagitta, and a ctenophore (No account is taken of 
those fishes which dunng thnr migrations normally 
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penetrate more or less success tully m the case of the 
Tyne, the harrier between fresh and salt water, as they 
are outside the scope of the present investigation ) 

2 The only organisms which are able to support hfc 
with any measure of success in the Tyne estuary are 
those which are hardiest and most easily adaptable to 
changes in environment These are represented by — 

(fl') The copepod Lurytemora which is an estuarine 
form and extremely hardy It will live for several 
days m a small tube of Tyne water and is even 
resistant to small quantities of acid added to the 
water 

(b) 'Neomysis although adapted to estuarine condi 
tions and common all along the Northumberland 
coast shows by it** comparative raiit> in the Tyne, 
that conditions there fall much below the standard 
necessary for its successlul colonisation of the 
estuary 

(c) Lumbncillus though not normally an estuarine 

form, has evidently acquired sufficient adaptability 
to changes m temperature and salinity and to the 
5oul condition of the mud liable to be encountered 
under stones in the littoral zone to enable it to exist 
with a considerable ainDunt of success in the lower 
reaches of the T\ n< 

(d) Contributions from fresh water are evidently only 
accidental and temporary since the freshwater 
diatoms which are regularly earned down stream 
in fair quantities appear to be killed off rapidly on 
reaching the tidal region, and the same applies to 
a filamentous green alga which occurred fairly 
commonly in the Swing Bridge samples Aquatic 
larvae of insects appeared on only two occasions 

(e) Of marine forms diatoms, and to a much 
extent, peridintans are the most persistent in occur^ 
rrnce, as might be expected since they are lew 
dependent than are animal forms on an external 
supply of oxygen Although they occur with 
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considerable regularity their numbers are generally 
small and there is no evidence that they are able 
to reproduce in the estuary 

This being the state of affairs under the best conditions, 
and these very hardy organisms finding the maintenance 
of life in the Tyne estuarv a very tough proposition, or 
even entirely impossible during dry, hot weather, particu 
larly in the Felling-Redheugh region , it must be abundantly 
dear that along the last ten or twelve miles of its course the 
river is m a very poor way indeed as regards its ability to 
support living organisms of c\en the most resistant types 
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INVESTIGATIONS ON THE lATFRAL SENSE 
ORGANS OF GADUS MLRLANGUS 

Bv H ( Regnart M Sc 

1 The function of the canals and assoaated sense 
organs situated upon the body and head of hsh has been 
the source of considerable speculation and research and 
complete agreement on the subject has not yet been obtained 
For example Parker^ has expressed the opinion that these 
organs are capable of stimulation bv 1) f ow frequency 
vibrations (of the order of about i vibrations per second) 
(2) Pressure 

Hofer^ on the other hand in a more recent paper stated 
that these organs were for the purpose of the perception 
of pressures caused by >^eak currents and that they 
were not capable of being stimulated by low frequency 
vibrations the receptors for the latter being areas of the 
general integument 

The object of this paper is to describe some experiments 
performed at the Dove Marine Laboratory m which the 
whitmg ((jadus merlangus) was subjected to low frequency 
vibrations over the range 3 10 per sec and to weak 
currents both before and after section of the nerves to the 
lateral canals 

The investigation was made txissible bv a grant from 
the Researcli fund for the purpose of constructing the 
apparatus for producing low frequency vibrations and the 
writer is indebted to Professor Meek Professor Thornton, 
and Mr Storrow for assistance in planning the work 

2 The vibrations were produced with the aid of 
the apparatus *>hown m fig 1 A bell shaped iron 
casting with walls ^ inch thick and a mouth of internal 
diameter 4 inches was drilled and tapped so that the follow 
mg additions could be made to it Rubber sheetmg ^ ind& 
thick was stretched over the mouth and fixed by means, of 
a wooden collar whit:h was held tightly m position with nuts 
and bolts The rubber diaphragm was remforced by tijfo 
thin sted plates 3 mches in diameter which were tightly 
clamped together, one on each side of the rubber disc A 
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piston rod was &xed to the internal face of the compound 
diaphragm and passed through a stuffing box in the other 
end of the casting The end of the piston rod remote 
from the diaphragm pressed against a cam and a steel 
spring was arranged to maintain this pressure The shaft 
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of the cam was provided with a six inch pulley When 
the pulley was made to rotate it imparted a vibratory 
motion to the diaphragm by means of the cam and piston 
The maximum amplitude oi vibrations was 3/16 inches 
aqd the number of revs per sec of the pulley was a direct 
measure ot the frequency of the diaphragm 

The apparatus was rendered water-tight and in addition 
a long vent-tube was fitted which led from the interior of 
the apparatus to the air Ihus when the apparatus was 
lowered into the water, the interior contained air aIon6, and 
the diaphragm worked agamst a water pressure on one face 
only The axle of the pulley was made suffiaently long to 
project wdl above the water and the pulley lay m the 
horizontal plane 

A special tank was then constructed the external dimen- 
sions of which were 12 ft long, 17 ms wide and 14 ms 
deep The sides were 2 inches thick * 

The apparatus was sulxnerged ui water at one end of 
this tank and rested cm rubber pads to avqid the trans- 
mission of vibrations by any other means than by the 
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diaphragm The pulley was driven by lilting from a set 
of cone gears which were set in motion by a -2 h p 
electric motor ihe apparatus was arranged so that fre 
quencies over the entire range 3 30 could be produced when 
required These frequencies were cli< eked bv measuring the 
speed of rotation of the pulley by means of a direct reading 
tachometer 

A large number of whit mg whose average length was 
1 ft were maintained in tanks and the floor pool, and thc\ 
were transferred to the experimental tank when requireci 
When this was done they wen always left for three or four 
hours to become accustomed to their new surroundings 
Normally the fish swim frttly about the tank and only when 
unhealtliy or damaged he on the bottom or remain in 
comers 

The lateral canals in the whiting are on each side (after 
Cole*) the CJ) Supraorbital canal (^) Infra orbital canal, 
(3) oinandibular canal (4) I aterah*) canal and the 
corresponding nerves which supply them axe the (1) Super 
ficial ophthalmic trunk of the faciai nerve, Infra orbital 
trunk of the facial nerve, ( 3) Hyo mandibular trunk of the 
facial nerve and (4^ lateralis trunk which divides into the 
dorsal and ventral rami 

The superior ophthalmic branch of the trigeminal nerve 
IS closely associated with the superficial ophthalmic trunk of 
the facial nerve and section of the nerve to the supra orbital 
canal involves cutting also the nerve which supplies the skin 
of the anterior part of the head 

The relations of the distribution of these nerves with 
the external features of the fish wire worked out so that any 
or all of these nerves could be cut in healthy fish for experi- 
mental purposes This operation was performed with a 
very fine needle knife The fish were then put back into 
the tanks and left for several days to recover 

The operation results in a certain lack of muscuU^ 
vigour and this is probably related to the association iff 
these nerves with the acuslico lateral centre which is partly 
connected with the maintenance oi muscular tone |n thg 
subsequent experiments only those fish which had fully 
reoovo^ (with the exception of the slight loss of vigour) 
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were used When this was the case they swam about like 
normal fish though not so rapidly At the termination of 
the experiments the fish were killed and after hardening in 
spirit dissected to verify the nerve cutting work 

{ 1) The conduct of normal hsh was first observed 
Tlieir behaviour consists in swimming freely about the tank 
When the diaphragm was made to vibrate over the frequency 
range i 10 an immediate response was obtained If within 
2 or 3 ft of the apparatus the fish rapidly retreated for 
several feet, then turned and remained facing the dia 
ohragm (i e the head and long axis of the body pointing 
towards the diaphragm) at the same tune vigorously 
moving the pectoral fins and giving slight undulating move 
nients of the body and dorsal hns 

After this movement of orientation which appeared to 
be for the purpose of locating the exact source of disturb 
ance the fish usually swam round in om or more circles, 
finally swimming to the opjK>site end ot the tank If the 
fish was more than three or four feet away from the dia 
phragm when the vibrations were started it immediately 
gave signs of stimulation consisting of cessation of 
swimming in the original direction and placing itself in a 
position so as to face the source of disturbance Thus if 
swimming away from the source il would at once swim 
round so that the head pointed in the direction from which 
the vibrations came at the same time moving the fins m the 
manner described Very often the fish in this position 
would niovi slowly backwards with the aid of the pectoral 
fins This series of movements was nearly always followed 
bv a retreat of the fish to the other end of the tank If 
swimming towards the source of disturbance, starting the 
vibration caused the fish to cease swimming forward and 
proceeil as in the last case Sometimes after the movements 
of apparently locating the source, the fish would swim one 
or two feet forward, but a retreat always followed Fre 
quently vigorous biting and more vigorous opercular move- 
ments were observed on stimulation 

When the frequencies were higher than about 10 the 
responses though definite were not so vigorous The re- 
sponses also soon ceased if the experiments were performed 
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too frequently and tests were usually ma<le at intervals of 
^ to i hour 

Fish which had gone blind in the tanks but were other 
wise healthy, were found to resixind more vigorously to 
these stimuli and did not learn to ignore them so quickly 

The next cxpcniiRnts consisteri in cutting the nerves to 
all the lateral sense organs in six fish Four recovered and 
on being subjected to vibrations over the range 3 30 gave 
definite evidence of stimulation Ihc movements how 
ever, differed from those observed m the case of normal 
fish No temporary movements ot orientation were made, 
and there was frequently simply circular swimmmg When 
within two or three feet of the source the fish retreated to 
the other end of the tank 

In another set of exjienments seven fish with all the 
lateral organs eliminated were used The same results 
were obtained as l:)efore, namely a retreat from the source 
if near fin movements but no movements of orientation 
towards the source 

In two fish the nerves to the lateral line sense organs on 
both sides of the Ixidv were cut and those to the sense 
organs of the head left intact In this case the fish which 
had been -operated upon behaved generally like a normal 
one except that the movements of orientation were slow and 
performed apparently with difficulty 

Next the supra ophthalmic nerves of two fish were cut 
on both sides, thus eliminating the supra-orbital canals and 
the skin of the anterior part of the head The fish were 
stimulated by the vibrations but the movements of orienta 
tion were severely impaired and in most cases were not 
definitely recognised as such 

Finally in two fish all lateral sense organs were elim 
mated on both sides except those of the supra orbital canals 
The fish were stimulated as before but no movements of 
orientation were made 

In another set of experiments a weak current of water 
was used A glass tube connected with the siphon of a 
large tank of water was placed horizontally in the tank; 
and by placmg threads in the tank was found to produce 
a current, the influence of which extended for a distance of ^ 
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about two tcet f^orinaJ hsli on swuniiunjj near the mouth 
of the tube performed the movements of orientation deb 
cnbed alxivi Fish in which all the lateral sense organs had 
been ruminated gave evidence of stimulation but did not 
give the movemtnts of oruntation 

1 have to thank Prolcssor \ Meek for the fish used 
tor experiment and for granting me facilities at the Dove 
Marine Laboratory 

Si MMAHV 

1 Oi/tfv mt rl unfits wis found to be c ip ible of the perception 
of vibiations ovti the fie<iutnc> langt 3 M) (vibs per see ) 

2 rh( latcial cannls ind skin f inuiiui pnta of thf he id 'nc 
not esstntwl for tht iiciccption of tluse vibiations 

3 Nuimal fish ]>irfuim nio\cnunls which appear to bt associ 
ated with the locition of the sourtt jf the disturbanci 

t I hmin'ition if thi 1 iti i il sen^e orpins n suits m tht loss 
of this abihti of tlu li h 1 1 oiuiuitc it b^d\ m iclatioi to tht 
source of disturbance 
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mr PROIECTED CHEMICAL SENSE IN THE 
COELENIERATA AND FC HINODFRMATA 

By H C Regnart M Sc 

Rt act If ns to food at a short distance b} \ctimans have 
l>een described by Pollock who expicrinicntcd with anemones 
left m pools by the receding tide and found that they 
generally gave reictions by expanding when pieces of 
mussel limpet etc were plated near them on the floor of 
the pool He found that the greatest distance at which 
the food could cause this effect vts 'ibuit 9 inches and he 
showed that sunlight was not the ct-usc of the expansions 
bv making tests in sh'idtd po I 

Tourdon in 1S91 Die sinnt und bmnesorgane der 
niederen fiere) expressed the opinion that these results were 
manifestations of a taste sense in Actmians Locb* 
1V)1 after performing experiments on several different 
genera namely Adanma Acitnia and \neutonia found a 
sense of taste in the tentacles 'ind disc NageP 
using Adamsta and Anemoma found 'x taste sense only in 
the tentacles inti not in the disc Results similar to those 
of Polloclc were obtained by P'lrker^ 1S9() who put 
specimens of Metridiuni in separate vessels of sea water and 
•>bservc<l that a small amount of mussel juice put into one 
of the vessels caused most of the individuals to expand 
while those in a vessel without mussel juice remained closed 
He did not find however that the tentacles were noticeably 
affected by food dissolved in the water Flcurc and Walton^ 
1907 found that the icnlarlcs of \ciinia and \;//Aeawerc 
almost completely indiffcrtnt to Lhemiral stimuli that they 
were likely to meet with under normal conditions 

Part I 

The object of this paper is to descrjbe experiments made 
to ascertain whether CD Tealta crasneotnu is capable of 
being stimulated by food at a distance» (2) the disc i» 
more chemically sensitive than the tentacles 

It was found that Tealta crassicofnts reacted to food 
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(mussel, limpet, etc ) lying* near them on the floor of the 
tank by expanding, and if the food were sufficiently near, 
they made attempts to obtain it The anemones made 
movements to obtain the food only il it were comparatively 
near (within 7 inches) and at greater distances tended to 
make random movements A few drops of mussel juice 
placed in a large tank caused many individuals to expand 
A typical cxi>enment is *'hown in the photographs of 
Fig 1 A rock to which four anemones were attached was 
placed in a convenient tank and left for two days so that 
the anemones might recover from the shock of removal 
The anemones were large varieties of Tealta cra^stcorm^ 
(about four inches diameter \\hen fully expanded) from 
deep water and an Actinoloba At the initial stage of the 
experiment one had become almost fully expanded while 
the others remained closed A small piece of herring about 
1 inch square by ] inch thick was hung three inches from 
the tentacles and to one side of the expanded anemone 
(the apparent large size of the food as it appears in the 
photographs is due to the effect of the temporary lighting) 
The experiment was started at I o'clock Ten minutes 
later a few tentacles were pointing stifflv towards the bait 
Occasional convulsive movements of the tentacles and disc 
also occurred on the side nearest the food The photo- 
graphs which were taken at inter\als of an hour until 4 
o'clock show a gradual movement towards the food and also 
show that the other individuals have also been stimulated 
to expand and move slightly towards the food 

At 4 oVlock the food had not been reached and the 
experiment was left in progress until the following morning 
The next day at 9 a m the food had been reached 

The next experiments were made to ascertain whether 
the tentacles or the disc were the more chemically sensitive 
to dissolved food material Ihis was done by testing one 
tentacle at a tune in different individuals so that there was 
no cumulative effect produced For example ten anemones 
were put into separate vessels of sea water Then a single 
tentacle was tested in one anemone after the other In the 
first set of experiments small pieces of limpet were held 
close to but not touching the tentacles Out of 120 such 
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tests only (> tentacles gave any kind of response, 3 of them 
waving about vaguely and 3 suddenly contracting Large 
pieces of luicy food aftected the tentacles, but small 
quantities produced no response The tentacles could not 
be said to have a distance chemical sense 

A pipette was made so that solutions could be slowly 
discharged so as to bathe the tentacles About 4 c t was 
allowed to flow out at a time and the nozzle was 6 mm 
wide It was found that allowing pure sea water to diffuse 
slowly round the tentacles produced no effect Dilute food 
solutions were tried next These were made approximately 
the same strength by chopping up a given small amount of 
mussel each time in a large volume of water and filtering 
the mixture Discharging the solution a short distance 
from the tentacles would render it still more dilute For 
this experiment 50 individuals of Tealia crassicornis were 
put in tanks ^nd allowed to become accustomed to the 
change When they had expanded one tentacle was tested 
at a time as before 1,000 tests wtre made and allowing 
for a few doubtful ones the approximate responses were be- 
tween 0% and lOy This result indicates that the sensi- 
bility of the tentacles to dissolved food must be small 

Finally experiments were made to test the sensitivity 
of the disc to the same kind of solution Food solution was 
allowed to diffuse over the disc b> holding a pipette over 
it in such a manner that the lex el of the food solution m the 
pipette was the same as that of the water outside When it 
was required to diffuse the solution over the disc the pipette 
was slowly raised 

In nearly all cases there was a slight but perfectly 
definite response This took the forni of a bristlmg or 
stiffening of the tentacles probabi} caused by the move- 
ments of the disc Repeat cc* tests caused the tentacles to 
slant inwards over the disc 51)0 tCbts were made and the 
responses reached about dOA Ihesc responses were taken 
to be due to chemical stimulation because — 

(1) The bristling movements alwdvs took place a few 
seconds after discharge of food matenal upon the disc,, 
whereas when movements due to sliock took place, a very 
short interval elapsed between stimulus and response 
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(2) Ihese movement were n>t obtained if pure sea 
water was used 


Part II 

The common star fish 4 /erta fnbem was found by 
Romanes'^ to have an oli actor v sense distributed 

over the surface of the tube feet but most hijfhly developed 
in those tube feet at the end of the arms These terminal 
tube feet are not used for progression bi t wave slowly about 
in the water and indoubtedJv act in a sensory capacity The 
experiments to be described were n ade for the purpose of 
ascertaining ^^hethe^ I tena r i en a d S /a ier papfo u 
could find food hidden at a distance 

In the first experiments sn all pieces of mussel were 
bidden among a pile of glass ]ars A^ieria^ tubens was 
found easily to obtain the food provided the water was 
well aerated Poor aeration prevented movements for seek 
ing food being made The problems provided were often 
of considerable difficulty but the starfish succeeded in ob 
taming the food Progressive reiroval of the tube feet 
led to a diminution in the power if obtaining food 

Two exactly similar mare tanks were constructed (A 
and B &g 2) One tank B contained food suspended 
in a bait chamber C at one end and the other A 
contained no food and was simply used as a control The 
starfish had frequcntlv been found to tend to move to Ae 
places of best aeration To avoid this the aeration pipes 
were placed in Ae centre of each mare and the starfiA at 
the beginnmg of each experiment put there also Thus 
when the starfiA moved thev had to leave the position of 
best aeration in order to obtain food 

SUAA were found to be capable of easily finding the 
food when present moving from the centre of Ae maze to 
the bait chamber while Ae starfish in Ae foodless chamber 
used as a control remained near their original positum 
The photograph Aows a typical expenraent After re 
xnioval of the ti be feet the movements towards Ae food were 
not so definite and were also very slow Removal of the 
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terminal tentacles did not aifect the capacity for locating 
the food In these experiments both isfenas rubens and 
Solasier papposus were used 


Summary 

1 Fealta crasucomts Wdb found to leact to dissolved food 
material, and if food Mere sufRcientlv neai, movements Here made 
to obtain it 

2 The disc Has found to be highly sensuivt to dissolved food 
material, the tentacles relatively in^ensuivt 

3 A?terta\ rubins and Sola^ter faffo m were found to have 
the capacity to find bidden food by a ptojected chemical sense, 
Hhich Has located on tht surface of the tube feet but mainly in the 
tube ftet near the ends of thi anm 
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A PRECISION ELECTROSCOPE 

By L Bastings, M Sc , B A 

CcMnparative measurements of the activity of radio 
active sources, as u«tually carried out by the aid of a gold 
leaf electroscope of simple design cannot be regarded as 
of a high order of precision Various workers have claimed 
an accuracy of one in two or three hundred under favour 
able conditions But greater accuracy than this is desirable 
in many radioactive problems, and no doubt soon will be 
demanded also in the standardisation of supplies of radium 
for scientific and commercial purposes 

In the usual method of measurement with an electro 
scope, the image of the gold leaf is superimposed on a scale 
m the eyepiece of the observing telescope, and its movement 
timed by eye and stop watch An obvious improvement on 
this lies m the direction of recording the movement auto 
matically This may conveniently be achieved by illumin 
ating the leaf with an intense source of light, and projecting 
an image of it, together with suitable distance and time 
marks, on to a photographic film moving m a direction at 
right angles to that in which the leaf moves The following 
det^ls of this method have been tried with some success 
The end of the leaf is provided with a fine pointer of 
quartz fibre, about (H)'3 mm in diameter, and a couple of 
mms m length A small piece of fine quartz rod is heated 
momentarily in the oxy-g^s flame, and allowed to draw 
itself out gradually under gravity until it becomes detached 
The thick end of this fibre now acts as a handle by the aid 
of which the fine tip may be attached to the gold leaf with 
a trace of shellac vamisji The pomter is then cut off to 
the desired length by a sharp razor, and the leaf freed by 
means of a slip of grease-free paper 

The electroscope case m which the leaf is endosed is 
provided with two windows, one of whidi is of optically 
plane glass Light from a source of considerable intensity, 
such as a " Pomtohte,'' is passed through a heat-absorbmg 
cdl, and concentrated by an achromatic condensing lens so 
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as to cast an image of the source of light in the same plane 
as that in which the pointer moves The beam emerging 
from the case of the instrument is projected by a microscope 
(a 40 mm apochromatic object glass of 16 N A , together 
with a compensating eyepiece, x h, were used) on to the 
cylindrical lens of a paper camera bv the Cambridge In 
strument Lo In this apparatus, a roll of bromide paper, 
h cm wide, is driven past the focal plane of the lens by a 
motor and speed reducing gear, steadied by a fly wheel 
ttched lines on the face of the lens cast upon the paper 
shadows which art as distance marks , while at right angles 
to these a time scale is imposed by intercepting the beam 
periodically with the sectored wheel of a phonic motor 
actuated by a tuning fork 

On development, the pholognphu paper reveals, 
running diagonally across the time and distance marks, a 
fine lineai trace of the leaf inovtnunt winch may be 
measured up and interpreted at leisure Bv running the 
paper at suitable speeds (from >0 cm to 1 metres per 
minute; rates of dischaige of liie cicctroscoi>e of from 4 to 
ff> volts per minute have been successfully recorded with this 
apparatus And throughout, a consistenc> of the order of 
1 in ],0(U) has been maintained 

With* discharges of the clectrosccuK. at the slower rates, 
another possible source of inaccuracy become prominent, 
due to fluctuations in the natural leak of the instrument 
Apart from unavoidable external sources of ionisation, such 
as the general radioactivity of the earth and air, and the 
penetrating ** cosmic radiation,** the natural leak is due 
mainly to alpha-ray activity in the materials ot the instru- 
ment Fluctuations in the ionisation from this cause may 
amount to as much as 10 per cent of the natural leak If 
then the natural leak accounts for more than 1 per cent of 
the total ionisation, this unreliability in the natural leak 
may be resjjonsiblc for inconsistencies in the measurements 
within the limits of expenmental error due to other causes 
It 18 not an easy matter to obtain a iiatural leak as low as 
0 1 volt per minute m an electroscope of the usual 
dimensions Materials of low atomic number are m general 
more suitable in this respect, in so far as they are usually 
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less radioactive (Aluminium and brass are most com 
monly employed for electroscope cases ) On the other 
hand, materials of high density are more suitable for the 
case of a gamma ray instrument because of the more int«ise 
secondary ionisation which such materials emit under 
gamma ray irradiation After some searchmg, it was 
found that the best ends could be served by the use of old 
lead, the radioactivity of the short lived products in which 
had decayed since separation from the parent ore Soim 
old lead, removed from the roof of Durham Catliedral 
during repairs, and believed to be at least 400 years old, 
was made up into an electroscope, and gave results of a 
mucli more satisfactorv character than had been producetl 
with any previous instrument 

While maintaining an unusually high sensitivity, this 
electroscope had a natural leak of less than 0 1 volt ptr 
minute Where the thickness of the lead wall is a disad 
vantage, the lead may be made into a solder with a little 
tin, and applied with a flux to the interior of a brass case 
heated to the appropriate temperature Such a device 
proved invaluable when an airtight instrument of rclativelv 
high sensitivity was required 

A number of other minor innovations have also been 
introduced for enhanced accuracy, or for the purpose of 
treating with weak radioactive sources Further details of 
these and kindred matters will be found m a paper entitled 
‘ Precision methods in Radioactivity/ in the Journal of 
Scientific Instruments, Vol V , No 4, April, 1928, p IIJ 
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PROPFRIICS AND Rt ACTIONS OF SOME 
TOIULNC SUT PHONIC L STERS 

(An Abstract of a pajTcr published in J C S I9ii8 723 ) 


By G R ClEMo 1) Sc D Phil ind 
L Wai rov M Sl 


B Chloroethyl and fi cyanoethyl toluene p sulphonates 
C,H,SOXH.CH,Cl and C^H.SOXHXH CN are prepared 
by condensing toluene p sulphonyl chloride with ethylene 
chlorohydnn and ethylene cyanhydnn respectively By 
treating the B cyanoethyl ester with ethyl alcholir hydrogen 
chloride and hydrolysing the crystalline product the tyoro 
chloride of iminoethoxypropyl toluene \ sulphonate 
SO CH CH, C(OC, H) NH HCl with Kvater carbeth 
oxyethvl toluene p sulphonate 
C, H, SO CH CH COO Cj H is obtained 

These esters show very contrasting properties under 
alkaline conditions Whereas the B chloroethyl ester is 
comparatively stable to treatment with caustic soda solution^ 
the B cyanoethyl d B carbethoxyethyl esters hydrolyse 
with ease to give toluene p sulphonic acid and aciy lonitnle 
CHj CH CN and elhvl acrylate CIIj CH COO Cj H re 
spectively Thus acrylonitrile and ethyl acrylate may be 
prepared in good yield by heating the respective esters with 
potassium carbonate The same behaviour is shown when 
the three esters arc treated with potassium phthalimide 


Phthai jSchloroethylimide 



NCHg CH^ Cf 13 produced 


in the case of the chloroethyl ester but hydroysis occurs m 
the other two cases Again tlic B chloroethyl ester reacts 
smoothly with phenyl magnesium bromide to give B chloro- 
cthylbenzene C« H CHj C Hj Cl but the other two react 
violently, with production of complex mixtures 

A satisfactory explanation of tnis difference in chemical 
properties, from the electronic point of view may be reached 
by a consideration of the following representation 




70 


in ^^hlch X represents either the cyano- or the carbethoxy- 
group 

On the other hand the reactions of these esters under 
acid conditions proceed without hydrolysis, and shew 
definite similarities p chloroclhyl, p cyanoethyl, and 
P carbethoxyethyl toluene p sulphonates condense with 
benzene in the presence of aiuniinium chloride to give 
dibenzyl, Cf H CHj CHg C* H , phenylpropionitnle, C* H 5 
CH CH CN, and ethyl phenylpropionate Ha CHi CH* 
COO Cj H , respectively in good yields This modification 
ot the Friedel Crafts reaction appears capable of consider 
able extension 

hinallv it iiia> be mentioned that the p cyanoethyl 
ester reacts with resorcinol in the presence of zinc chloride 
and dry hydiogen chlondf to give 7 -hydroxy \ 4 


dihydrocourinrin 



The production of 


this compound constitutes one of the few exceptions to the 
important anil widdv used Hoesch reaction 
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A COMPARISON OF PALAEOZOIC MOUNTAIN 
CHAINS IN EUROPE AND NORTH AMERICA 

By E B Bailey, M C , L^g d' Hon . B A , F R S E , F G S 

The North American continent is, broadly speaking, a 
magnified mirror image of much of Europe North 
America has three major divisions (1) an Atlantic border 
of Palaeozoic mountains ( Appalachian System) , (2) an 
immense central region (Laurcntia of Suess) that has 
suffered no mountain-making deformation since the dawn 
of the Cambrian, and (3) a Pacific Cordillera (Rocky 
Mountains, etc ) characterised bv Mesozoic and Tertiary 
compression Both the Atlantic and Pacific mountains 
have been folded and thrust over the margins of the inter- 
vening stable element In Europe we find ^1) a Palaeozoic 
border chaia that runs through Scandinavia and Britain, 
(2) a central region that we may christen Baltica, a region 
of Cambnan and post Cambrian tranquility, and (3) a 
Mesozoic Tertiary cordillera (Carpathians, Crimea, Cau- 
casus) Here again the mountain elements (1) and (3) 
are folded and thrust upon the margins of the buffer state 
(2) Thq, Baltic Shield matches the Canadian Shield, and 
the Russian Platform extending through Denmark into 
East Anglia serves as the counterpart of the Great Plains of 
North America The pivot of this comparison is furnished 
by the Caledonian Mountain Chain of Scandinavia, which 
has its western equivalent in the ancient mountains of New- 
foundland and Nova Scotia In the Appalachian System 
the important tectonic feature is the crossing of the Cale- 
donian Mountains by the Hercynian, which in South Wales 
and Ireland are in contact, while to the east they separate, 
the former being traced north-east into Lapland, the latter 
due east into Poland The geological structures on the two 
sides of the Atlantic are thus apparently complementary 
and lend support to the idea of som^ type of continental 
drift 
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THE LOWER CARBONIFEROUS COAL-BALL FLORA OF 
HALTWHISTLE, NORTHUMBERLAND. 

By R. G. Absalom, M.Sc., Ph.D., Keeper of Geology, 
The Museums, Liverpool. 

1. IntfoduciioH. This paper series to set forth the 
palaeobotanical results of research work earned out on one 
of the coal seams present m the calcareous beds of the Lower 
Carboniferous Senes of South-West Northumberland, The 
work was undertaken with the object of proving the existence 
of a new geological hc^izon and locality for the plant- 
bearing nodules known as coal-balls and of effecting a com- 
parison of the contained flora with that of the coal-baUs 
previously described from other honzems and localities in 
Britain. 

As the stratigraphical details are being reserved for a 
separate account it is only necessary here to give the broad- 
est outline with regard to the horizon. 

2, HortMon of the material. Coal-balls with the plant 
structure fairly well preserved were found, and the material 
examined thus constitutes the first record of their occurrence 
in Northumberland. The horizon is the Little Limestone 
Coal of the Bemician Series of the Lower Carboniferous; 
the locality the South Tyne Colliery, Haltwhistle, North- 
umberland. 

The horizon and locahty are both of great interest in 
that they are situated, both geologically and geographic- 
ally between the previously recorded o c c u rrences of tx>al4>a!b 
and similar plant-bearing material in Great Britain. The 
Pettycur, Fife, material is from a horizon low down in the 
Calciferous Sandstone Scries, i.e., practically the base of 
the Lower Carboniferous Series, whilst the new horizon is 
situated in the topmost limestones of that scries. The 
Lancashire and Yorkshire Coalfield horftons are well up in 
the Lowi^Coal Measures so that the new horizon is ^dis- 
tinctly nearer to the Pettycur deposits from the point of 
geological age. 



74 


In view of this intermediate position it is of interest to 
note whether or not the contained flora shows any mdica- 
tions of the onset of the flora characteristic of the Lower 
Coal Measure deposits, i.e., if the flora was in a transitional 
stage between L.ower and Upper Carboniferous forms. 

3, Description of Species comprising Flora, 

Stauropteris burnttslandica^ P. Bertrand, and 5. old- 
Aamia, Binney. PI. 1. Fig. 1. The pietioles have a 
rectangular stele with four groups of primary xylem 
arranged m the characteristic cruciform manner. They 
are tetrach with the protoxylem situated cresoentically 
around the poles of the wood, save in one petiole m which 
there are two protoxylem groups at each angle, some of 
the tracheides having begun to move outwards through the 
cortical zone as leaf-traces. The tracheides of the primary 
xylem arc mainly of the scalanform type, a few of the 
protoxylem tracheides exhibiting true spirals. 

The stele is surrounded by a mass of thin-walled phloem 
cells which fill the bays of the xjdem and, in a few cases, 
extend to the centre, displacing the wood. The i^loem cells 
are often elongated in directions parallel to the sides of the 
stele and sieve tubes are common among the phloem in the 
bays of the wood. The pericychc zone is usually ill- 
defined, the phloem passing rapidly into inner cortex con- 
' sisting of fairly thick-walled parenchymatous cells, some of 
which are filled with a brown resinous substance. The 
outer layers of the cortex are formed of smaller cells which 
assume a radial arrangement and are replaced in the 
h}rpodermal region by thin-walled palisade tissue. The 
epidermis is composed of a single layer of square cells with 
black thick walls. 

The petioles are surrounded by numerous branchlets 
of various orders showing both quadnfid and trifid axes 
and single vascular strands. Two steles are present con- 
nected by a strip of cortical tissue, and are approximately 
equal in size, pointing to dichotomous branching. Out- 
growths at the free ends, in which the vascular axes, though 
^ perfectly circular, are still quadrate in internal structure, 
are probably secondary brandilets. 
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Scattered throughout the material are manv dehiscent 
sporangia , they are pear shaped organs with an outer wall 
consisting of a single layer of thick walled cells There is 
an mner layer or tapetum two or three cells deep in which 
the cells are parallel to the outer wall The cells grow pro- 
gressively smaller towards the tip of the sporangia where 
the rupture has taken place There is no sign of a pedicle 

Bensomies fuuformts R Scott (PI 1 Fig 2 
Many examples of this peculiar organ are found intermingled 
with sections of Stauropteris The structure is divisible into 
three definite sections, the pedicle, the body and the head or 
beak The head is sharply differentiated from the body and 
terminates m a sheath or beak like process It contains either 
a single or a double hour-glass shaped structure which 
always appears to be composed of a reddish-brown membran- 
eous material The body is a rather cylindrical object taper- 
ing at the* base into a pedicle and consists of delicate, 
regular, spherical cells, extremely loosely packed, enclosed 
in a very thin epidermal layer A single vascular strand of 
very small elements spirallv retmilated, traverses the piedide 
and appears to terminate suddenly among the loose sphered 
m the bods 

In one section the organ ap^iears to originate as a lateral 
outgrowth of a racbis of Stauroptens, while asiother 
extremely small specimen lies buned in a mass of feathery 
tentacles at the apex of a rachis which also has a gland- 
ular opening of the Lyginc^tcns type halfway down one 
side 

Hetetangtum GnetHt, W C Williamson (PI I Fig 
gyirit Tills plant is represented by sections of half a 
stem cut in an obliquely transverse direction, the oHnplete 
*8tan having had a diameter of approximatdy one oenti- 
metre 

The Stele The central cylinder consists of groups of 
large tracheides interspersed with anastomosmg bands of 
small-celled conjunctive parenchvma No pith is present, 
the largest trachekles being in the centre with the 
smaller tracheides of the protoxylem grouped utter 
xylem strands at the periphery The tracheides of 
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the metaxylem bear multisenate bordered pits while 
the protoxylem elements are spirally thickened The 
xvlem strands are mesarch tracheides being present 
outside the protoxylem and in contact with it The centn 
petal portion is isolated from the protoxylem by a few cells 
of parenchyma The phloem zone is represented by a few 
layers of dense brown crushed cells and is followed by a 
pencychc layer of large clear cells In this stem no second 
ary wood has been developed 

The Vascular Bundles One section contains several 
leaf traces still m the cortical zone The phloem appears 
to be confined to the outer portion of the bundle in an arc 
around the single protoxylem point Further out in the 
cortex the protoxylem splits into two portions but the 
bundle remains collateral 

The Cortex The inner cortex is a broad band of small 
parendiymatous cells traversed by large conspicuous 
bands of dark thick walled sclerotic cells These plates of 
sclerotic cells are horizontally elongated and follow each 
other in regular vertical senes The outer cortex is of the 
typical Dictyoxvlon type consistmg of radial bands 
of daric brown thickened fibres and parenchymatous tissue 
The occurrence of the seed Sfii vroUoma ovale Benson 
^pgether with the fact of the leaf trace consisting of a 
single strand is conclusive evidence of the plant being 
Heterangtum Grtevtt 

Spkeerostoma ovale M Benson (PI I Fig 4)** The 
seed as is usual is incomplete the enveloping cupule or 
outer integument bemg lost The section passed ofahquely 
through the lower portion of the testa the outline being 
dearly aicular with a diameter of 1 26 mms 

The Testa The epidermal layer of the ovule is not wdl 
preserved but consists of a regular row of palisade cells 
each of which carries a dark and apparently structureless 
process or hair Many of the outer cdls have their walls 
disrupted and the mnc^ginoos contents of the cells can be 
seen adhering to the hairs 

The Embyo sac The megaspoie membrane is pse> 
served as a dense brown structurdless ring which has 
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expanded until its contour has been determined by contact 
with the surrounding vascular bundles It is totally devoid 
of contents and is accompanied by a patch of disorganised 
cells which appear to be continuous with the inner wall of 
the inner integument and through which the vascular bund- 
les rise obliquely 

The Vascular Ring System The megaspore membrane 
IS invested by five vascular bundles cut at various angles 
and connected with one another by sheath like stnps of 
tissue This tissue appears to be of the same nature 
as the strands themsehes, the vessels of both being very 
small and spirally thickened 

The section is probably cut through the region in which 
the bundles have b^^n to separate from the sheath-lske 
investment of the base and is too low to show the splitting 
up of the bundles to form the eight or nine strands which 
traverse the remainder of the integument 

Transitional Forms of Heterangium In one of the 
fragmental pieces of coal ball material there occur some 
stems having undoubted affinities with the genus 
Heterangium 

After allowing for collapse under pressure the stems axe 
XDughly Qrhndrical in outline and are remaricable tor the 
great devdopment of the secondary wood zone The 
stems vary from 4 mms to 8 mms m diameter, and little 
beyond the secondary wood is preserved So far as can be 
seen, the central portion consists of a few small tradieides 
immersed in a disrupted mass of brown parenchymatous 
tissue The secondary wood oxisists of large tradieides 
the walls of which arc covered with multisenate bordered 
pits, traversed by medullary rays, the largest of which 
divide the wood into sectors It is of importance to pote 
that despite the crushed appearance of the stems, it » ctiiy 
the oential axis which has suffiered, the secondary xyhm 
being pxeserved practically intact This fact, together witk 
the unusual development of secondary wood, seems to indi* 
cate that we are dealing with transitional forma from 
Heterangium to Lygmqptons in whid) the central prlmar/ 
tradieides axe gxcatly tixluced in number and in wKuch c 
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true pith was in process of formation 

From the p>oint of view of horizon alone these stems are 
of extreme iqterest bv comparison with the transitional 
forms described bv Dr Kubart (notably Lygxnoftens 
heterangtoide!^) from the Ostrau beds (Millstone Grit) of 
the Upper Carboniferous 

Polydesmic Heterangium Petioles In the original 
nodule there are se\eral detached petioles of Heterangium 
, in onlv one of which, however is the structure at all 
clear This is an elongated petiole measuring 4x6 mms 
in transverse section and is incomplete at one end 

The petiole is concave on one side, convex on the other 
with an emergence bordered by thick walled epidermal 
cells The ground tissue of the petiole consists of large 
thin-walled cells of parenchyma in which plates of sclerotic 
cells occur 

The hypoderma of the outer or convex side consists of 
thick walled elements through which the parenchyma of 
the interior finds its v/ay as narrow radial bands On the 
concave side the h 3 qxKlerma seems to have practically 
disappeared, the internal parenchyma extending to the 
margin 

The complete end of the petiole contains two vascular 
strands near the extremity which are iust separating from 
one another and arc still connected by a thread of xylem 
To preserve the symmetry of the petiole there must have 
been a corresponding couple of strands at the other end 
of the petiole, i e , the petiole was polydesmic* with a leaf- 
trace consisting of four bundles The bundles appear to 
be of the typical mcsarch Heterangium structure with 
extremdy little centrifugal xylem 

The presence of this pietiole serves to link up the con- 
tained flora with that of the Coal Measures where the 
chief characteristic of the Heterangium species is the poly- 
desmic nature of the petiole 

Lyginoftens oldhamta No stems have been discovered 
but the plant is well represented by scattered petioles, 
laminae and the characteristic '^glands'' 

The Petioles Several transverse sections of inoom- 
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plete petioles are present which exhibit all the diaractenstic 
features of Rachioftens aspera^ now known to be the 
petiole of Lygtnopteris oldhamia 

The surface of the petiole is slightly grooved and bears 
the well-known emergences. The outer cortex is composed 
of the typical Dictyoxylon or ‘'Roman numerar* structure, 
dark radial bands of thidc-walled cells separated by thinner 
bands of parenchymatous tissue. The vascular bundle 
assumes the form of a "W” with a concentric structure, 
the protoxylem groups occupying the lower convex portions 
of the bundle. In one case the bundle has begun to 
separate to form two equal sized shaped bundles. In 
another section the bundle is still concentric with the pro- 
toxylem groups on the convex outer side but it has assumed 
an elongated structure in preparation for branching into 
the leaflets. The emergences axe still present but the 
sclerotic plates have disappeared and the Dictyoxylon 
cortex IS reduced to practically a single layer. 

The Leaflets. The lammae are maricedly dorsiventral 
with lobed extremities and emergences on the lower sur- 
faces. Towards the upper convex surface the mesophyll 
consists of joosely packed cells elongated at right angles 
to the surface, i.e., pialisade tissue. The spongy 
parenchyma of the under surface consists of cells which 
are more irregular, leaving intercellular sfiaces. 

The epidermis consists of square cells with thickened 
walls and in one or two places on the under surface stomata 
are present A hypodermal layer is present between the 
epidermis and the palisade tissue. In each of the swcXkai 
extremities a vascular strand is present lying almost at right 
angles to the section of the lamina, \riiich is transverse. The 
xylem is enlarged, the tracheides being wide and short and 
the spiral ornamentation is thus clearly shown. The large 
cells forming a protective sheath to the strand are observ- 
able on the upper side but the more ddicate i^oem is not 
well preserved. 

Tlie Glandular Em e r g ences. These characteristic ^^nea 
are present on the petioles, rachis and the under surface of 
the leaflets. Th^ have no vascular supply and are usujrily 
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trian^lar m outline with a broad base at the point of 
attachment. The spines have a thick-walled epidennis 
enclosing a mass of thin-walled cellular tissue. When com- 
plete they terminate in an enlarged glandular head which 
IS filled with small rounded cells supposed to have been 
secretory tissue. In some cases the spine supporting the 
head IS very long with a constricted necJc just bdow the 
head and having stomata m the epidermis. 

Lefidodendron cf. V eltheitHiamim, Sternberg. The 
genus Lepidodendron is represented only by very frag- 
mentary portions of the stde, leaf-bases and cone. The 
portion of stele preserved exhibits the characteristic prim- 
ary xylem cylinder- in which the protoxylem cxxupies the 
bays x>f the irregularly crenulate margin; there is no indi- 
cation of secondary wcxid. 

The detached leaf-bases or cushions are of thb shield- 
shaped Lepidodendroid t)ipe with the central vascular 
bundle and lateral parichnm prints. Immediatdy above 
the tracheides of the vascular strand are the mudi smaller 
and mcxre inclined tracheides of the ligule. Radial sections 
of leaf-bases are present in which the ligule is preserved at 
the base of the ligular cavity. 

One section contains a poorly preserved strobilus 
( Ltfidosttobus cf. Veltke mtamusP) ocmsisting of frag- 
'ments of sporophylls, collapsed mictosporangia and numer- 
ous detached mirrospores. 

Megaspores are present which are large in oompariscm 
with the microspores and are densdy dad with Uunt, 
curved ^ines. 

S/igmaria fieoides Bgt. (PI. II. Figs. I & 2.) In the true 
ooalballs Stigmarian rootlets are prevalent, while in the floor 
nodules they appear to be the only plant stmeture pr esen t. 
Usually the only portion remaining intact is the secondary 
srood, divided into wedged-shaped bundles by the meduH- 
ary rasrs. The dements are arranged in radial rows and 
gradually increase in size from the interior outwards. The 
primary xylem merges gradually into the secondary wood 
and occurs as uaaller and less regularly arranged oeUs at 
the inner end of the wedges. 
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An interesting section, probably cut through the base 
of a rootlet recalls Xenofkyton radtculosum Hide in that 
the whole of the structure is preserved from the vascular 
axis to the outer cortex The xylem consists of a pear- 
shaped group of tracheides with the protaxylem at the apex 
and a few radially arranged cells of secondary wood along 
the opposite margin The protoxylem is in direct contact 
with the parendiyma of the inner cortex, the phloem fonn- 
ing an arc around the secondary wood The inner cortex 
forms a band of closdy packed cdls eight to ten la}wrs in 
thickness^ arranged in cmcentic form around the stde, as- 
suming the pear shaped structure of the vascular bundle 
The protoxylem pomt projects sbghtly into the inner cortex 
and tails off into one or more isolated tracheides indicating 
the presence of a tracheide strand leading through the 
middle cortex to the peripheral layers 

The middle cortex is perfectly preserved and is divisible 
into two zones, an inner zone consisting of polygonal or 
ai^roximately square c^s with intercellular spaces and in 
which no definite arrangement into layers can be observed, 
and an outer rone m which the cells are greatlv elongated 
radially and are filled with a brown substance This zone 
IS by faTtihe most prominent feature of the rootlet and time 
can be little doubt that this growth is of a secondary nature 
due to menstematic action in the outer layers of the middle 
cortex The outer cortex consists of an inner band, four 
or five cells m width, with thickened walls and filled with 
dense brown material, the outer layers being larger and 
clearer parenchymatous cdls 

Botryekioxylon paradoxum, D H Scott (PI II Fig 
3 The section is perfectly transverse and consists of an 
af^iroximatdy circular stde, all the cortical tissue^ havtpg 
bm destroyed The diaractenstic features of 
tktoxylon fatadoxum are dearlv indicated in the preseooeof 
a *'imxed pith” surrounded a zone of radially z^nated 
wood Thu muted pith consists of mlgrmingled parew^j^kg 
and small tracheides The internal tracheides vaiy uk 
size from about 90 to 40 in diameter, the parend^ana an 
dm whole being less than 90 ^ Hie outer border of thg 
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mixed pith is fairly well defined by the presence of 
several protoxylem groups which protrude into the zone of 
secondary wood and give the line of contact a crenulate 
appearance. 

The whole of the secondary wood assumes a radially 
senate structure, each clement being elongated in a radial 
direction. One side of this zone has been destroyed, but, by 
the diminution in size of the tracheides, it is evident that 
the development of the secondary wood about the central 
axis was unequal. 

In the gaps between the protoxylem points, the internal 
tracheides of the mixed pith appear to break through and 
continue throughout the secondary wood in the form of 
narrow rays. The protoxylem groups consist of four or 
five very small tracheides varying in size from 8 to 16 /i and 
their position on rathcnr prominent angles of the mixed pith 
indicates that in all probability the internal primary xylem 
was developed centripetally as was suggested by Scott in his 
original papier. 

Dineufon eUipticum^ Kidston. (PL II. Figs. 4 & 5)“ 
This genus appears to be represented in Britain solely by 
the type specimen obtained from the Calciferous Sandstone 
Series of Pcttycur Fife and described by the late Dr. 
Kidston. Thus the spiecinien to be described from the 
higher horizon o^ the Little Limestone Coal is of more than 
usual interest. 

It is, unfortunately, moomplete, consisting as it does of 
a single obliquely transverse section of an elliptical fc^iar 
bundle in which most of the external tissues have been 
destroyed. 

The bundle has a length of some 2 mms. and an average 
diameter of *7 mms. The xylem cemsists of large and 
rather irregularly shaped tracheides which decrease con- 
siderably in size towards the poles where the protoxylem 
points axe situated. The diameter of the tradieides of the 
metaXylrai varies from about 180 to 30 ^ while the proto- 
xylem elements range from 30 to about 12 

One piole of the foliar bundle together with its protox- 
ylem point has been destroyed. The slight obliquity of the 



section shows that thr tracheides of the metaxylem are orna^ 
mented with multisenate pits and that the wood is solid and 
free from any trace of interming^Ied parench 3 rina 

The protovviem point is not situated quite at the extrem- 
ity but IS immersed in the metaxylem, i e , a few tracheides 
separate it from the cortical zone This portion of the 
metaxylem i« in the form of an arc bounded by two strands 
originating in the protoxylem and passing out at such a low 
angle that the scalanfomi sculpture is clearly shown 

Dr Kidston in his paper on Dtnfuron eUtpitcum^ sug- 
gested, by analogy with /ygopierts MeiacUp^ydtopsts 
duplex y Will that a band was cut off alternately from 
each end of the xvlem to supply the pinna traces, which 
possibly divided into two in their course through the 
cortex" 

In the specimen described there seems to be no room for 
doubt that the pinnar trace was double at its departure from 
the protoxvlem and that it earned some of the metaxylem 
with it into the cortical zone 

The bundle is surrounded by a mass of dense cells with a 
dark brown content which may be the remains of thick- 
walled prosenchyma onginallv forming the outer cortex 
4 The Cldixactef of the Flora In examining the material 
the first point of note is the complete dominance of the Ferns 
and Ptendosperms as represented by ^taufoptens and 
H eiefangtum respectively No recognisable remains of 
Calamites or Sphenophylls have been found and the Lyeth- 
pods are scantily represented by fragments of sporangia and 
leaf bases of Leptdodendfon 

A poorly preserved strobilus is present which may mdK 
cate the presence of Leptdosirobus V elihtimianus^ a species 
very common in the Pettycur deposits 

Among the Ptendosperms the only Heterangmm de- 
termined IS the Lower Carboniferous species, Helerangmm 
Grtevtif Williamson, which is charactensed by the leaf-trace 
remainmg single throughout its course. Additional coiH 
firmation is provided by the presetice of SpAoerosloma ovate 
Benson, the ptebable s^ of Heleramgtum Gnevtt S d w l 
crushed steins are present which are believed to be qf 
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Heterangoid type with a remarkable development of the 
secondary wood They appear to be comparable with the 
transitional form I ygtnofterts Aeierangtotdes^ described by 
Kubart from the Millstone (int of Ostrau, Upper Silesia A 
leaflet, unfortunately incomplete, occurs in which there are 
decided mdications of the presence of four vascular strands 
1 e , It was polydesmic — a characteristic feature of the Coal 
Measure Heteraxigiums 

The only Ptendosperm definitely of Coal Measure type 
IS Lyginoptem oldhamia which is well represented by 
petioles and laminae beanng the characteristic glandular 
emergences 

TTic Ferns are represented by Dtnfuron tUtpitcum^ 
Kidston, previously recorded from the Pettycur deposits and 
Botrychioxylon paradoxum, Scott, remarkable for its 
development of secondary wood, from the Lower Coal 
Measures of I ancashire In the case of Stauroptens^ the 
presence of Bensontles fustformis an organ believed to be 
of a glandular nature, is of importance in that it is con- 
stantly found in association with Staufoptens butnits 
landtca from the Pettycur beds, but has never been found 
with %taufoptefu oldhamui of the Coal Measures On 
the other hand some of the specimens exhibit the wedging 
apart of the cruciform xylem which charactenses the 
Coal Measure form, and give no mdication of the pro- 
toxylem canals found in Stauroptens burnitslandua Hence 
It IS probably that both the Lower and Upper Carboniferous 
forms arc present in the matenal FrcHn the comparative 
table given it will be seen that there is t{uite a representative 
proportion of Intermediate and Upper Carboniferous fonns 
and one is therefore justified in stating that the flora was 
m a state of transition That this change in type had just 
begun IS evident from the fact that, from the point of view 
of frequency of occurrence, i e , relative number of spea- 
mens present in the matenal, the flora is still quite 90% of 
Lower Carboniferous type For purposes of oompanson 
the list of species obtained from the Litde Limestone honxon 
IS given together with the {mnously recorded honsons in 
KSreat Bntain 
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6 Recorded Hortton^ of Species ohtamed from the 
Little limestone Coal 

SpACtM CaIc SAnd«t L<»firer Coal Mom. 


Stauropteris burniislandtca^ Bert X — 

Bensonites fustformts^ Scott X — 

Stauropteris oldhamia^ Binny — X 

Heierangtum Gnevtt^ Williamson X — 

Sphaerostoma ovale, Benson X — 

Transitional Hctcrangiums (Millstone Grit, Kubart ) 

Polvdesmic Heterangiums — X 

Lyginopteris oldkamia, Bmney — X 

Botrychioxylon paradoxum^ Scott — X 

Dineuron elhphcum^ Kidston X — 

Stigmana ficotdes^ Bgt X X 

Lepidostrobus cf V eltkeirmanus X — 


The absence of tall trees such as the giant Lycopods and 
Calamites suggests that the ^ora may have been of a foothiV 
or lower upland type m which the moderately tall Ptcndo- 
sperms were invested by a dense growth of the tree ferns of 
various types from long, clinging rhizomes to short, stout 
stems covered with leaf bases 

Summary 

1 The material examined constitutes the first record of 
the occurrence in Northumberland of the plant-beanng 
calcareous nodules known as ** coal-balls ’’ 

2 The horizon of the matenal is that of the Little- 
I imestone Coal m the Upper Bemician of the Lower Car- 
boniferous Series Locality The South T 3 rne Colliery 
Haltwhistle 

S The following plants are represented m the flora — 
Stauropteris bumtisUmdum, Bert 
Bensaniles fusiforrms, Scott 
Staufoptens oldhamm, Bmney s 
Hiiefongtum Gnevu, Williamson 
Sphaerostoma ovate, Benson 
Transitional Heterangiums (Kubart) 
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Lyginofterts oldkamia, Biimey. 

Botrychiozylon faradoxum^ Scott. 

Dineufon elltpticum, Kidston. 

Stigmana Hcoidest Bgt. 

Lefidodendfon cf, Veltheimianum, 

4. The flora, while still predominantly Lower Carboni- 
ferous m type, has reached a transitional stage between 
Lower and Upper Carboniferous forms. 
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Explanation ok Plates. 

Plate 1. 

Fig. 1 . Stautoftens burnttslandtca, (P. Bertrand). 

Transverse section of rachis showing two proto- 
xylem groups at each angle ot the xylem. 

(i<40.) 

Fig. 2. Bensomtes fustformis, (R. Scott.) A fused 
pair showing the multicdeular bodies, each with 
a head and a beak. A delicate vasailar strand 
leading from the head is lost in the cells of the 
body. (x50.) 

J^ig. 3. Heierangtnum gnevtt. (Williamson.) Obliquely 
transverse section showing the central primary 
xyiem of mixed tiacheides and parenchyma, the 
cortex with sclerotic bands and two leaf*traces 
passing out, ( x 10.^ 
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Fig, 4. Sfkatostoma ovaU, (Benson.) Obliquely trans- 
verse sectuxi of testa containing the megaspore 
membrane invested by live vascular bundles. 
fx60.) 

Plate 11. 

Fig, 1. Sugmafia Hcoides, (Brongniart.) Transverse 
section of rootlet showing the vascular bundle 
and fully preserved middle and outer cortex. 
C>cl8.) 

Fig. 2, Sfigmana -ficoides, (Brongniart.) Median zone, 
showing aereucluyina. ( x .')0. ) 

Fig 3, Botfychioxyion faradoxum, (Scott.) Irans* 
verse section showing the mixed pith with several 
protoxyleni points around the margin tollowed 
by radial seriate secondary wood. (x80,) 

Fig. 4. Dtneufon ellifttcum. Showing general form ot 
stele. (><40.) 

Fig. 6. Dtneuron elltpHenm, Showing protoxylem and 
reticulate-scalariform tracheids. (xllO.) 
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WATER-HAMMLR tROSION 
By Stanley S ( ook F R S 

Introduction 

Cerlain investigations which the Author has made or 
with which he has been associated have brought to light the 
remarkable possibilities possessed by nearly incompressible 
fluids, ansmg entirely from mechanical considerations, of 
producing locally, and under certain circumstances, 
pressures which are so considerably m excess of those ansmg 
from the normal motion of the fluid as to suggest that m 
the event of their bemg m excess of the yield-point strengths 
of ordinary materials they may prove the real cause of many 
appearances of erosion not otherwise explained The object 
of the present note is to shew that in the case of corrosive or 
erosive action observed to be promoted by the motion of 
metal surfaces in water, or by the motion of water over such 
surfaces, and frequentlv attributed to corrosion through a 
failure to recognise any cause of a mechanical nature 
sufficient to produce it, in many instances a satisfactory 
explanation of such action can be advanced by assoaating 
it with the phenomenon known as water-hammer 

W atef-hammer The sudden arrest of a column of 

idcompressible fluid would, apart from elasticity at the 
surface of the body arrestmg it, produce an infinite force 
That force, however, is rendered finite in the case of water 
by the shght degree of compressibility, and c^n be readily 
calculated In the initial impact of a moving column 
against a fixed obstacle, assummg no intervenmg gas to 
cushion the blow, the column is arrested first at the end and 
subsequently, as the disturbance travels back, throughout 
its length, the velocity energy of the front laj^er is in this 
case converted on impact into pressure energy m that same 
layer Since the vdoaty energy per unit volume is equal 
to^pV* and the potential energy after arrest to ^ where 
p IS the density of the liquid and its compressibihty, 
the equation of these gives ^ i pV* or m other words 
the pressure generated at the end of the column by the 
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impact is equal to VV ^ The whole column will be arrested 

and its pressure brought up to this value, when the disturb- 
ance has travdied to the far end, that is to say, in the time 

J where / is the length of the column, and c is the 

velocity of sound m the liquid. The impact pressure at 

the front end of the column endures for a time 2 * * or the 

c 

time required for the disturbance to travel to the outer end 
of the column and bade again. 

Comparison with a jet. The impact pressure of a 
column of water under these conditions is an entirely 
different thing from the pressure corresponding to the 
momentum of a jet. It is the hrst impact that constitutes 
the blow, and the suddenness and therefore the force of 
this blow defJends upon the degree of incompressibility of 
the fluid. A steadily impinging jet on the other hand is 
arrested gradually, by the mcrease in pressure in the 
portions of it which are nearest to the surface on which it 
impmges and the jet is spread on the plate over a much 
larger area^ than the section of the column. In the case 
of such a jet impinging on a flat surface the maximum 
pressure on the surface will occur at the centre of the jet, 
VIZ. at the end of the axial stream line, and will be the 
pressure corresponding to the velocity head, equal therefore 
to i pV*. So that such a jet will require to have a higher 

velocity V| given by JpVi*=V>^Cin order that it may produce 

the same maximum local pressure, and even then that 
pressure will be confined to a mathematical point at the 
intersection of the surface by the axis of the jet, so that it 
may be asserted that a higher veloaty than Vi would be 
required to produce the same local pressure as is attained 
by the first impact of a column of fluid at velocity V • The 

above rdation gives Vi* where c * velocity of s^^d 

Thus if V 200 metres per second producing a pressure on 
first impact of 2800 atmospheres, a steadily impinging jdt 
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would require to have a velocity of more than 750 metres per 
second to produce the same pressure. 

It IS interesting to note too that the water-hammer 
pressure independent of the length of the column. It 
follows that drops of water however minute will at the first 
moment of impact produce the same water-hammer pressure 
as largfe volumes of water with the same velocity, the only 
difference being in the area of attack and the duration. 

As an example of the order of value of such pressures 

taking p = 1 and P = approximately — ? — per atmosphere 

20,000 

of pressure a velocity of only 10 metres per second gives an 
impact pressure of 140 atmospheres, 200 metres per second 
gives 2800 atmospheres, the latter pressure being about IS 
tons per square inch. 

Erosion of turbine blades. Erosion of turbine trades 
has been understood for some time to be due to water of 
condensation, and its character indicating a bombardment 
of the backs of the blades it was inferred that it was due 
to the blades striking drops of water. But the calculation 
of pressure of hydraulic impingement at such speeds as 
corresponded with the speed of rotation of the blades failed 
to account for a destructive force on the blade, and the 
phenomenon locked at from this point of view appeared 
a mysterious one. The far higher local pressures attained 
on first impact, i.e. by water-hammer, are now seen to be 
sufficient to explain the drcumstances.^ 

In the case of the steam turbine erosion is frequently 
found to have occurred on a few of the moving blades at 
the exhaust end. On the outer portion of the moving 
blades at the exhaust end the leading edges are found to be 
diickly honeycombed with minute indentations of conical 
shape of var 3 ring depths and are sennetimes completely 
perforated, the action occurring on the convex surface of 
the blade, that is to say, on the side towards which the 
blade is moving. It occurs chiefly at perii^eral speeds is 
excess of about 120 metres per second, and is of xnaeasing 
jntensitv as the speed is increased. 
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It IS now accepted that this erosion of the blade surface 
IS due to impact in high vacuum of drops of water arising 
from condensation of the steam by expansion, which drops 
movmg at a lower velocity, in fact without any appreciable 
circumferential velocity, are overtaken by the rotating blade. 
It has already been pointed out that the water-hammer 
pressure due to the impact of a drop is the same as for a 
larger volume, dependmg only upon the veloaty. The 
water-hammer pressure by the foregoing formula, at 120 
metres per second is 1700 atmospheres or about 11 tons per 
square inch, which is of the order of the elastic limit of 
many metals. 

In order to investigate the erosion produced by a 
multitude of minute drops impacting on metal at htg^ 
velocity, the following experiment has been. made. 
The apparatus consisted of a nng of turbme Mades 
mount^ on a shaft and rotated at a high speed 
withm a cylindrical casing. At two diametrically 
opposed points in one end wall of this casing two sprayers 
of the "White” oil-fuel burner type were used to project 
a fine spray of water across the moving blades. The blades 
were widely separated in the circumferential direction to 
give the spray access to their surfaces. This was necessary 
because the high speed of motion of the blades made the 
relative direction of impingement of the water drops neatly 
circumferential. The bladed rotor thus represented an 
exhaust-end element of a steam turbine from which two out 
of every three blades were removed. The rotor was 12 
inches in diameter and the blades 4 indies high. The axes 
of the water sprayers situated at a distance of 8 inches 
from the axis of the rotor. 

The apparatus was run for 18} hours at a speed of 8,800 
revolutions per minute, so that the speed of impact varied 
from 140 metres per second at the roots of the blades to 238 
metres per second at the tips. By the formula given abdun 
the corresponding water-hammer pressures are 12*4 tons per 
square inch to 20*7 tons per square indi. 



The blades were of five different materiids as given 
h^ow:— 


MaterUI of bbu^es. 

Elastic Ucnit. 
Tons/sq. inch 

Condition aftor teat. 

1. “Heclm A.T.V." steel 

31 

Unattacked. 

2. Tungsten steel 

40 

Rusted and slightly 
eroded. 

3. "Stiqrbnte" steel 

16 

Considerably eroded. 

4. Mopel metal 

18 

Considerably eroded. 

5. Mild steel * . 

16 

Etched as by sand 
blast. 


Fig. 1 is a photograph of the rotor after test, the 
bjade at the top and the one to the left of it are of *'Monel” 
metal, the next two to the right are of “Staybnte'* steel, 
whilst the next two to the left are of mild steel sheathed 
with ‘^Heda’’ steel on their leadiAg edges. 

Collapsing Cavities Extension of the problem to three 
dimensions introduces the important factor of concentration. 
If the liquid instead of moving m a column as in an uniform 
tube, is moving in a conically shaped tube, the velocity of 
the front layer will increase rapidly as it approadies the 
apex. The same is true if it is closing m on a spherical 
cavity. The case of a spherical cavity suddenly permitted to 
collapse represents a condition of things that may arise for 
example when a pn^^eller blade cuts across a vortex core in 
sudi a way as to isolate a vacuous cavity and at the same 
time destroy the vortical motion. Or a sudden arrest of flow 
of water in a tube by stoppage of the inlet would, by the 
momentum of the water, tend to break the continuity of the 
fluid and create cavities which would immediately after- 
wards tend to coUapse. The work done by the surrounding 
fluid closing in as the cavity collapses is converted into 
vdodty energy, and since, in an incompressible fluid 
moving symmetrically towards a fixed point, the velocity 
varies inversely as the square of the distance from that 
point, this vdodty energy will be found mainly concentrated 
at the reduced surface of the cavity. In the case of an 
incompressible fluid the velodty at the reduced surface of 









A 
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siibh a cavity at any subscctuent tune, when its radiils It, 
may be shown to be ?(&•-«/ K* whbre P '•the prtssilih 

ip I 

m the stltrothidihg fluid and R, die initial vlltlh of the 
radiiis (see apjlendix) Thus for R~R /2D and P-1 atnkia- 
{rfiere the velocity at the £nal surface of the cavity -730 
metres per second, and supposing the cavity to collapse 
finally on a surface with this velocity (we might, for 
example consider a hhmispfaencal cavity collapsing oa 
to the surface of a propeller blade m the diametral 
plane) it s^as further shown that the water-hammer 
pressure thus produced wotild be as high as 10 OOd 
atmospheres or roughly 66 tons per Square inch tn 
sUch a case the fihal act of erosion is due to water hammer, 
but the concentration has the effect of enormously increas 
mg the velocity in the final stage of collapse and malong 
the water hammer more ihtense 

Suppose that the free surface impmged on a sphere of 
radius R, the pressure of impact is then given by 


2 


1 dR_2 

2 dt 


P ,R.*-R*, 


- ( 
3 


R* 


) 


so thdf p 


.|/h. 

iff 


R.* - R' 


or if R is so small that 


R.* 


can be lUwiscted 


''MR’ 

lit the last stages of cotliqise wheti dUi nulitta of ^ 
ciVity is eaktftody smill, a steep prlftsstilh gradient 
otttdrihdS floih die surface, and it is do longieS pMfibid tif 
tSiffeA die edmidhSsibilitv of the flmd Suhie bf m fefasdil' 
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has been absorbed in potential energy of the surrounding 
fluid extending a very short distance out from the surface 
of the cavity, and the final velocity is therefore somewhat 
less than on the assumption of incompressibility. 

If however we assume that the whole of the energy of 
collapse VIZ. PV« where V® “ original volume of the cavity is 
absorbed in potential energry of a small final volume V viz. 




V we obtain a value for 



V 


which shews 


that even taking compressibility into account the pressure 
of impact will be of the same high order as is given by 
the preceding equatioo. 

The following are values of p for various values of 


R/R, with P = 1 atmosphere, = 

20,000 


■ 

R/R. 

p (atmospheres) 

p (tone per square 
inch). 

.5 

306 

2.0 

.1 

3,650 

24 

.05 

10,300 

67 

.01 

115,000 

750 


The final velocity and the final impact pressure will be 
seen to depend upon the original size of the cavity in relation 
to the final radius and therefore probably m relation to 
the coarseness of the structure of the metsd on the surface 
of which it is coUapsing. 

The bdiaviour and effect of such cavities was first 
considered in connection with the investigation of propeller 
blade eit>sjon by a committee appointed by the Admiralty in 
1916. Fig. 2 illustrates the water-hammer cone devised by 
the Hdo. Sir Diaries A. Parsons, the Diainnan of 
that oosamittee, for obtaining a practical demonstra^ 
tion of high pressures produced in this way by the 
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ccHnbined efiFects of concentration and water hammer 
A IS a brass cone 18 mches long and H inches 
mternal diameter at the large end, extended at the 
large end by a cylindrical portion to a total length of 4 feet » 
this cone is reinforced at the small end and fitted with an 
end piece, B, terminatmg with a small hole of 016 inches 
diameter This cone placed under water in a tank, after 
filling w]fh water was thrust quicklv downwards, its mouth 
striking on to a rubber block at the bottom of the tank The 
momentum of the water, augmenttd in the later experiments 
by that of the lead plunger T * produced momentarily a 
cavity at the apex, which however immediately closed 
again It >^as found possible to puncture thin plates of 
metal at the apex and in this wav some idea was obtained 
of the pressure induced by the impact of the water With 
a cone end piece of oil hardened tungsten steel having a 
smallest diameter of 016", a brass plate 03 thick was 
punctured at a single blow, and a plate 036" thick m two 
blows, the first blow having been sufficient to extrude the 
metal a distance nearly equal to the thickness of the plate 
The pressure rcquirecl to produce direct shear of the 

penphery oi the hole in the plate = x 4 9 % times 

015 

the sheanng strength of the material taking the latter at 16 
tons per square inch the pressure generated must have been 
at least 140 tons per square inch 

It appears from the foregoing considerations that 
anstng fiom the mechanical properties of nearly 
mcompressible fluids local water-hammer pressure is a 
powerful factor contributing to erosion and that where the 
conditions are such that cavities may form in the water and 
subsequently collapse in the neighbourhood of metallic 
surfaces there is the possibility of much higher velocities tn 
the water locally than are normal to the general conditions, 
and, in addition, the certainty that Wherever such hign 
velocities are destroyed by the interposition of a surface, 
intense momentary pressures will be set up by the water-^ 
hammer effect above referred to 




Fly 2 


9T 


These investigations and experiments oonvmoed the 
Committee referred to above that the deterioration of 
propeller blades of cruisers and destroyers by erosion was* 
due to water-hammer effects resultuig from cavitatxm. 

Rapid erosion of the same character as on propeller 
Uades, frequently encountered on the runners, casmgs and 
liners of centrifugal pumps, screw pumps and hydraulic 
turbines, can also be satisfactorily accounted for in the 
same manner. 

Returning now to the case of the crosicm of steam 
turbine blades it is clear that this erosion cannot be due to* 
such drops of wat«r as are carried in the main stream of the 
steam through the blade passages since such drops issuing 
from the blades at the same speed as the steam would not be 
overtaken by the moving blades. A large proportion of 
the water of condensation forming in a mist of minute 
drops would be carried along by the steam in this manner 
and would not contribute to the erosion. From this 
consideration and from the fact that erosion is only found 
to occur on the moving blade, it must be attributed to dit^ 
of water w'jiich are swept off the fixed blades into the path 
of the moving blades, and which do not so partake of the 
general velocity of the steam. 

Whilst minute drops of water assume a practically 
spherical shape on account of surface tension, drops formed 
in the manner suggested may be of moderate dimensions and 
under these circumstances a slight departure from the 
spherical shape may be expected. With drops of irregular 
shape, or even if there are minute surface irregularities 
on the blades themselves, there is the possibility of 
the isolation of small empty spaces between the drop and 
the blade at the moment of impact, in which case the 
behaviour subsequent to impact would be that of a 
collapsing cavity with the final generation of miidi higher 
water-hammer pressures. 

Figuit ^ illustrates the progress towards final collapaA 
after impingement, as it might be conjectured to take*^[riiybe 
with a drop of this riiaimcter. In the final stages tire 



98 


concentration of the motion towards the centre of collapse at 
A will produce high velocities at the surface of the entrapped 
cavity, and finally water-hammer at A 

Further, when a conical depression has once been formed 
it IS clear that it will be rapidly deepened by drops that may 
strike directly into it or over its mouth, since concentration 
will then have its full effect in producing a high final 
velocity 

In a paper read by Sir Charles Parsons before the 
Institution of Naval Architects in 1927* some investigations 
are described m regard to the cause of pitting of condenser 
tubes, which go to show that irregularity of flow and 
vortex motion in the water box of a surface condenser may 
cause considerable variations of flow through the tubes, the 
flow through a tube being momcntanly checked when a 
vortex in the box moves across its mouth, with consequent 
breakages of continuity of the water near the inlet end of 
the tube and subsequent collapse of the cavities so created, 
producing water-hammer effects 

Whilst it IS generally held that occluded gases play an 
important part in the pitting of brass condenser tubes, and 
certainly there are in most cases distinct evidences of 
corrosion, oxidation and dezincification bemg found to 
h^ve occurred near the pits, the causes just mentioned are 
suffiaent to account for pitting of a purely mechanical 
nature, and it may be that occluded gases compressed to 
a high pressure and possibly to a high temperature at the 
final collapse of a cavit> are brought to a state of high 
diemical activity so that both corrosion and erosion result 
from the same causes 

The late Lord Rayleigh discussed the case* in which 
a spherical cavity, instead of being vacuous, contains a 
small amount of gas, in which case the veloaty of the 
boundary comes agam to zero before complete collapse, the 
whole of the energy of collapse havmg been converted into 
the pressure energy of this imprisoned gas The final 
volume is shewn to be extremely small when the initial 
pressure of the gas is only a small fraction of that of the 
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stirrounding fluid It was, however, assumed that the 
compression of this gas would take place isothermally, 
whereas, in the last stages of the compressim at any rate, 
the interval of time during which i1 takes place being 
usually extremelv small, compression is probably adiabatic, 
and a high temperature will be reached as well as a high 
pressure 

It will be seen from the examples mentioned that the 
phenomenon of water hammer and the formation and 
collapse of cavities in water intensifying the water-hammer 
in the manner described furnish ample material for the 
explanation of many cases of both corrosion and erosion of 
metallic surfaces exposed m various ways to such conditions 

In conclusion the author wishes to acknowledge his 
indebtedness first of all to Sir Charles Parsons, who really 
initiated this line of investigation, to Messrs Parsons 
Marine Steam Turbine Co , and Messrs C A Parsons 
& Co , for facilities for experiments, and to Dr Gerald 
Stoney and Mr R Dowson of the latter firm for much kind 
and valuable assistance 

Appendix 

Conditions of collapse of vacuous spherical cavities 

The general dynamic equations for an incompressible 
fluid with motion everywhere a function of radius and time 
only, are 


dp _ ^ ^ ^ du 
pdr dt dr 
and ur^ f, a function of time only 


( 1 ) 

( 2 ) 


Assumingf the fluid to extend to infinity, and to have a tree 
internal surface at the surface of a spheie of radius R the 


radial vdoaty of this free surface beidg , then 

dR dt 

R^ , Equatioo (1) on integration with respect to r%iv«a' 

dt 



100 


Equation (1) on integration with tespect to r giines 


^ =--LiL + 1 

fi r dt 2 

Putting p“o at the free surface and r* 


R 


— 

dt 


d , ,dk 1 dRo 
— (R*— ) = - R(~)2 
dt dt 2 dt 



d*R 3 dR„ p’ 

fiom irhtch R — + - (— )' + — = o 
dt* 2 dt p 

The first integral of equation ^5^ is 

dR„ 2p* R.* - R* 


(it 


<5> 


Refeabncbs. 

* Brown Boven Rtvtiw, December 1024, Apnl 1927 

* “ ^me Investigations mto the cause of Erosioii dt the TufieA dl 

Surface Condensers ” / tmt Nm Afth 
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A NEW ROSE FROM NORTHUMBERLAND 
By Kathusn B Blackburn. D Sc 

The cose ^ora of this district is so rich that it is not 
vecy surprising^ to End new and undescribed forips Some 
of these are obviously of recent hybrid ongrui. but the one 
here described and illustrated shows no evidence of being 
such and seems to be a g^ood new micro species I have to 
thank Professor J W Heslop Hamson for ascertaining^ that 
it is not only new to Britam. but also unknown abroad. an4 
albo for suggesting an appropriate name I should also 
like to thank Miss C M Shipley for very kindly looking 
through the Latin Diag^sis which follows 
Rosa bernicten^t^^ Blackburn var nova Caulis et ramonim 
aculei curvatj falcatique , rami florentes etiam aculeis parvis 
et tenuibus acicuhsque sparsis muniti Folia plemmque 
septenata. ranus quinata, stipulae angustae, cum aunculis 
acutissimis. m margine glanduloso-ciliatae fobola 
mediocna. ovato-elhptica. (30x12 mm usque 30x15 mm ) 
subtus glandulosa sed sub nervo medio setoso-glandulosa. 
biserrata> ^tioli pubescentes glandulosi, pedunculi breves. 
setoso-glanduk>S]. bracteis acutis angustisque supecati. 
sepala pinnatiEda, glanduloso-ciliata, in fnictu patentia 
vel reflexa. denique cadentia, receptarula globosa. bene 
fmctifera , discus planus styh breves albo lanati vd 
villosi capitulum planum formantes 

The plant was found in a roadside hedge a tew nnles 
north of Morpeth It is a tall bush with much branched 
shoots The branches are dark purple where exposed to 
sunlight and gfrrni below The pnckles are strongly hooked 
and light grev in colour The flowering shoots bear sdtne 
acicles m addition The leaves bear 5 to 7 leaflets of which 
the lowest pair is often very small The leaflets are 
glabrous, ovate elliptical and sometime!^ acute The Iowan 
leaves of the flowering shoots are glandular below in Spring 
but the glands disappear later The margins are strohgly 
‘biserrate with gland-tipped teeth, the midnb bdogv 
IS glandular aciculate and the petioles glandular and 
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hairy. The stipules have long narrow acute auricles erect 
or spreading and with hairy« heavily glandular^ margins. 
The fertile shoots usually bear 1 to U flowers, less frequently 
6 to 7. The peduncles are short and markedly glandular. 
The basal bract of the inflorescence has very broad stipules 
and* three large leaflets, the upper ones are scale-like, 
lanceolate attenuate and progressively smaller and narrower, 
with glandular margins. The glabrous, light red, round 
fruit is surmounted by a small flat disk. The sepals are 
pinnate and hairy glandular all over, spreading or reflexed, 
falling when the fruit is completdy ripe. The stigmas 
form a rather small flattish head and the styles ace very 
hairy. The seeds are very numerous and all the flowers 
seem to have npened fruit. The fruit was ripe later than 
that of the neighbouring R. ReiUeti bushes but earlier than 
the various forms of R. canina and R. dumeiarum growing 
near by. 

The majority of our British roses belong to the Section 
Caninae and this one is no exception. Within the section 
are groups of forms which are considered as group spedes. 
The flat head of hair>' stigmas and the short pedundes are 
enough to show that the plant in questicm bdiongs to the 
group species AfneUana, Since the leaves are glabrous it 
-belongs to that part of the group Afsekana whidi is known 
as Rosa glauca. Within this species, since the sepals are 
spreading or reflexcd, it bdongs to the sub-qiecies 
/?. subcamna. The nearest micro-speaes or variety to 
R, betniciensis recorded in Woolley-Dod*s list of the 
British roses is R. deniiculata^ Keller, which has biserrate 
leaflets but altogether lacks the acicles and glands on the 
flowering shoots. It differs from R. gtandutifera^ Keller, 
of Southern Europe in that the flowering shoots are strongly 
armed and the p^undes short. Thus the combination of 
diaracters found in R. bemiciensis seems to be really new. 

The plant might, of course, be a recent hybrid and the 
fact that, so far, only one bush is known is rather sag* 
gestive; on the other hand, the fact tiiat every flower pro- 
duces a hip fun of good seeds weighs heavily on the other 
side of the scalp. An investigation of the nesghboaring bodi* 
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es might be helpful m this connection On the one side was a 
bu*>h of R dumetorum, probably var semiglabia with 
round fruits giving a superficial resemblance, whereas on 
the other side was first a small plant of R omtssa, whidi 
may have been a hybrid, and then a thicket of t3rpical 
R omtssa R Reuten is in fair quantity not far off and 
R cantna forms exist some distance away To get a com- 
bination cit characters such as would produce R 
berntctenns by hvbriditVi R cantna or R dumetorum would 
need to be mcluded to give the opreaduig or reflexed sepals 
Hairy leaves and biserrate margins bemg donunant we 
should choose a biserrate canina form for one parent if 
R Reutert were to be the other With such a combinatioife 
however, the glands would be absent since no glandular 
cantna is known in the district 

If a canina form were crossed with R omtssa the dom- 
mant hairmess would appear unless we were to suppose the 
omtssa to be heterozygous for hairiness by being itsdf a 
cross with say R Reutert Although the one hybnd omssso 
bush was noted it gave no cfear evidence of its parentage 
and It would seem a very frail foundation for such a 
suggestion of hybnd origin I prefer to tetain my onginal 
view that the plant is not a recent hybrid Probably careful 
search of the distnct will show further examines of this very 
distinct form and so remove the possibility of reproach for 
having created another " bush-species ” 
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CHEMISTRY AND LIFE, 

By A. I0EEK, O.Sc., S. Tomkeieff, F.G.S., and 
M. THouas, M.A. 

FOREWORD, 

By A. Meek, D.Sc. 

We may have been expecting too much from the Bio^ 
^diemist. Mr. Tomkeieff as a geologist, presents the 
vastness of the subject of the biosphere in relation to the 
•other geospheres and discusses besides the metastability of 
(the biological unit. Mr. Thomas, as a bio-chemist, attacks 
*the problem from within and comes rightly to the conclusion 
that the ambitioii of the chemist to synthesize protoplasm 
is one thing which he admits might be realised, but it is 
quite another to contemplate the formation of a particular 
kind of protoplasm. But apart from the arculation of 
material and the limitations of the subject, two correlated 
ifacts of consequence have long been apparent, and these 
serve to bring bio-chemistry into close touch with the prob- 
lems of the biologist. 

The one is that there is no definite protoplasm, the 
^variations are as numerous as the types of living creatures. 
In addition, m each type there are c3rtological and histolog- 
ical modifications. Such may be special, but they are more 
usually parallel modifications of type. It ought therefore 
to be possible to define the types by chemical differences, 
-atnd by the adoption and extension of the methods of the 
bactenologist to indicate affinities more clearly than has yet 
been done, and so to emphasize or correct the conclusions of 
the morphologist. 

The second fact is that the modifications of protoplasm 
have been and are produced by internal and external 
environmental changes. Food, temperature, and other fac- 
tors axe constantly affecting protoplasm, and the results 
flotay be gathered from the preference we exhibit as to the 
products of a locality and the experiences of the culturist. It 
follows that the history of life has been one of progressive 
*<hange. The protoplasms of today have a history and that 
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brings us by another path to the contention of Mr Thomas 
Obviously then, protoplasm is in the state of being 
impressed cvancsccntly by environmental changes^ and by 
modifications which may be of a more permanent character 
Whether the response be a chemical or physical change or 
an alteration of growth, or some form of action, it is 
concerned with the nervous property of protc^lasm 

Protoplasm is impressionable and responsive and m 
both respects concerns the bio chemist and the bio physicist 

Part I 

THE INORGANIC SUBSTRATUM OF LIFE 
By s Tomkeieft- , F G S 

I rom the point of view of emergent evolution, life, 
together with its concomitant inner aspect — mind, is the 
latest emergent quality of the progressive integration of 
matter into units of higher complexity This unique 
property of life ” depends on a peculiar matenal organ- 
isation or ' pattern '* in space and tune, i e both on form 
and function ^t is the latter, the function or pattern in 
time, that distmguishes the living from the non-hvmg We 
can have ar number of emergent qualities due to a spatial 
arrangement of matenal particles, such as in crystals, but 
this pattern (disregarding the thermal movement of 
particles) is a static one On the other hand the pattern of 
living units IS entirely a dvnamic one It can be compared 
to the form of a waterfall which preserves its identity while 
its material content is for ever changing 

In comparison with inorganic matter, living matter is 
extrmely unstable Life is a constant adjustment of 
metastable or even labile internal equilibria towards chang- 
ing environment The actual strength and power of hviqg 
matter lies m this very metastabdity, which assumes 
stability only as a dynamic unit This dynamic stabdil|r 
necessitates an enormous output of energy Like a watar* 
spout passing over the surface of the ocean, orgaoisme 
^gttlf a constant stream of matter which passes throag^ 
them and then goes back to the ocean of matter Organ- 
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isms entirely depend on their material substratum, but they 
have the power to subtract or reject certain parts of matter 
with a resultini^ segregation or dissemination of elements in 
the earth’s crust. The study of this complex senes of 
interrelationships between the elements of the earth’s crust 
and the total assemblage of organic beings — the biosphere, 
forms a part of a wider science of geo-diemistry. The bio- 
sphere, although a relatively small member of the earth, is 
neverthele«s a very powerful factor in its history. Great 
thicknesses of rocks were formed through the agency of 
organisms, elements were segregated, dispersed, combined 
and set free — all through the same agency. At the present 
time we see life covenng the surface of the earth, 
interpenetrating the seas, lakes, rivers, burrowing into the, 
earth and conquering the air. But still cmly a very small 
portion of the earth is suitable as a habitat for life. The 
great bulk of the earth is composed of inert (crystalline P) 
matter. The sphere of activity of the biosphere is restricted 
to the outer zones of the earth. Nevertheless its importance 
as a g^eochemical factor is enormous. The biosphere is 
composed of countless individuals, each acting as a small 
centre of incessant activity, stirring up the surrounding 
matter which flows in a steady current through the bio- 
• sphere. 

The living matter is composed of elements mainly 
derived from the hydrosphere and the atmosphere, and the 
principal organogenic elements are as foUows: 0,HaC,N, 
while the lithospheric elements; Ca,S,P,Si,K,Mg,Fe,Na,CU 
etc., although of a great importance for life’s metabolic 
processes, form only a small proportion of living matter. 

The remaining hthospberic elements although present 
m relatively small amounts, are a great value and rheir 
presence in the biosphere is of a great consequence in 
the history of the esurth’s crust. The biosphere, as has 
been so definitely shown by W. Vernadsky^, enters into the 
majority of geochemical cycles and caim<k be neglected in 
the study of the history of the earth’s crust. Nearly all 
deiuenta, as soon as t^y reach the zone of weathering, 
enter into the sphere of activity of the bio^diere and ate 
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affected by it in one way or another Space does not 
allow cme to consider some of the most important cydes, 
but one may mention here the cycles of iron, mangaiwse, 
phosphorus, silica, as being the ones whidi are mtimately 
bound up with the biosphere Take also the cycle of 
calcium, which through the agency of the biosphere, be- 
comes intimately bound up with the cycle of carbon This 
last cycle is almost entirely determined by the biosphere 
Since the beginnmg of life, probably every atom of carbon 
(except the juvenile carbon) has passed through the bio- 
sphere and some of them probably have passed through it 
many times 

Diagrammatically the carbon cycle can be repres en ted m 
the following manner (after Vernadsky) 


Biosphere ^ ^ Free O 



Magmatic emanations < Graphite 

In the upper zones of the earth’s crust CO, is distributed 
as follows 

COi m the biosphere 0 642 

„ atmosphere 0 0072 

,, hydrosphere 0 32% 

„ hmesteme 98 96% 

„ coals 0 07% 

These figures clearly show the importanoe carbonatijh 
as a store-room for organc^^ic carbon (nearly all the hme- 
stones are of an organogenic ongin), and the small ptopor-* 
tion of carbon actually present m the C 3 rcle compart wMi 
that removed from it This raises many questions^ askottg 
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which there it one of vital importance m palaeo-4>iology: it 
there any indication that the amount of CO. (in atmosj^ere 
•'i^ytirosphm and biosphere) varied throughout the geolog-* 
i<»l ages? This resolves itself into the question: Whether 
the output of magmatic CO, was always balanced by its in- 
take in the form of carbonates and coal? It is quite possible 
that after intensive oiogenetic periods accompanied by 
intensive periods of volcanic activity, the amount of free 
CO, markedly mcreased. This increase would be 
reflected upon the balance of life whidi would receive an 
additional impetus both for development and increase. 

What is the ongm of life? Unless we accept the element 
of a miraculous creatiem we have to suppose that life had a 
humble beginning on this globe at a certain period of time, 
and that it has origmated from the inorganic. Whether 
primordial organic matter is still in the process of creation is 
another question ! Theoretically it is possible, but 
remembering that conditions favouring its formation are 
also favourable to the higher organised forms of life, the 
chances of its survival and development are very remote, if 
not altogether impossible. In any case we may take it that 
living matter is a d 3 mamic organisation of inanimate mat- 
ter with the resulting emergent p rop erty of ** life.** Our 
science is still too young and imperfect to solve the problem 
living matter, but it is possible that the progress of 
organic chemistry, biochemistry and espeaally the study of 
colloids, may lead to its solution, llie colloidal state is 
apparently half-way between organic and morganic. The 
following table shows this relationship more clearly; 


MATTER, 


CRYSTALUNB. 

COLLOIDAL. 

LIVING 

Hogaogsnsous 

Heterogneous 

Haterogeneouft 

Static eqaiNbrium 

Dynamic cquiUbriuin 

Dynamic equilibrium 

OcMtht addhkMi 

Growth 1 hivohitloo 

Growth t togeerton 
(nutritiort) 

Stable 

Mataatabta 

Labile 
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Certainly we have no doubt that an enormous gap 
separates living colloids (such as all the organism are) and 
the purely inorganic colloids, and that a living dog is 
better than a dead lion, but still there is no reason to sup* 
pose that this gap will not be bridged over in the futuie. 
This docs not mean that the living phen<Mnena are going to 
be explained in terms of chemistry and physics. Life and 
mind are always something more than mere chemistry and 
physics. It IS an emergent quality at a higher levd of 
v’volution. 

Part 2. 

LIMITS OF MAN’S SYNTHETIC POWERS IN THE 
CHEMISTRY OF LIVING ORGANISMS. 

By Meirion Thomas* M.A. 

Agreement is general among those who have considered 
biological phenomena critically, that the big gap which 
exists between the biological and a-biological will, for an 
indefinite period, necessitate the use of biological terms, as 
well as phyoico- chemical terms, in describmg the events and 
processes occurring during the life of an organism. 
Characteristics of a living organism are the power of using, 
according to its inherent nature, dissimilar material to 
increase its substance, so leading to the growth and dewdk^ 
ment of the individual, and the power of reproduction, 
so yielding similar offspring and maintaining the race to 
which the organism belongs. Many physico-chemical Qecor> 
rences, however, are associated with these budog^cal 
phenomena: for example, definite chemical coonpoundt an 
continually being formed and incorporated into the living 
structure by processes which in the sum constitute the iwd%' 
holism of the organism. But metabdiam itsdf is bicdogkali 
for, ordered growth and devdopment result from tha 
ordinated activities of a given metabolising system 
the protoplasm of a given whole liviiijlr cdl* In {(m 
characten of an aciult organism can be said to be dntgiBriiw 
ad by the inherent nature of its initial metabolising' 
which control* the nature, amount, time and place of leap* 
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ation of the metabolic products of which the adult is 
composed. 

In the figure given below an attempt has been made to 
schematLse the chemical experience of a typical organism, 
adequately supplied with all that the environment usefully 
contributes, so as to bring out the relation between meta- 
bolising systems and metabolic products, and so to show 
the central place occupied by metabolising systems in 
ontogeny, and by detached parts of them in reproduction. 


INITIAL LIVING 


nETABOLISMC SYSTEM 




NON-LIVINC 


METABOLIC MIODUCTS 



MtCMUSCO ncMooucnvc 





wmuBajo—r bvstcho 


-f 


INCRCASCO NUMBER 
nCTABOLKM systems" 




METABOLIC 

PRODUCTS 



LIVING. SKELETAL 


OTHER MARTS OTAOULT 


'It IS fundamental to the theme of this paper that a 
clear distinction should be made b et ween metabt^ising 
.systems — which are living units possessing racial histories 
and endowed with potentialities for the future — and meta^ 
bolic products, whidi are, in themselves, non-living 
diemical compounds of invariable composition. 

Metabolic products can be dealt with by the drilled 
organic chemist, and since Wohler’s epoch making ssmthesis 
of urea in 1828 , analyses and syntheses of these products 
has proceeded with ever increasing rapidity. It is probable 
that in the not too distant future the organic chemist will 
have the power to analyse and s3mthesiBe all the diemical 
compounds occurring in plants and animals, and to describe 
their chemical, physical, and indeed, with some assistanee, 
their physiological properties. This wofk will obviooaly 
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greatly illutuinate many fields of biological investigation 
which are now very dark We have clearly seen in recent 
years liow great chemical achievements such as those of 
Emil Fischer m carbohydrate, protein, and purme chemistry 
and Willstatter in the chemistry of plant pigments, can 
rapidly correct erroneous views held by biologists, and 
direct research along new and profitable lines 

Analytical studies of the matenal nature of metabolis- 
ing systems* can for our purpose in this paper be classified 
as of three types (1) Chemical (2) Cytological (3) Bio- 
chemical Chemical analyses really of course only 

determine the nature of those metabolic products which have 
become mcorporated into the living system Apparently 
the protoplasm of all living cells, whether of plants or 
animals, is always composed of the same kinds of 
substances, for analysis invariably returns water, inorgamc 
salts in solution, proteins free and conibmed with nucleic 
acids and lipoids, carbohydrates, fats, sterols, and phos- 
phatidcs 7 here is sufficient potential chemical variation 
in the protan group, quite apart from that in the other 
substances, to account for the differences, which must evid- 
ently occur, in the material nature of the metabolising 
systems the dnersc organisms known in the world 

The view that was some time ago advanced by Verwom 
that these compounds, found on analyses, actually existed 
m the cell as components of a very large living molecule or 
biogen implied that by ordinary chemical combination it 
might be possible for man to produce compounds at the 
level of molecular complexity and with the arrange- 
ment of atoms in the molecule found in biogens, 
and so dehberatdy to set about synthesismg life 
But views such as Verwom ’s are unoompnsingly 
opposed at the present day bv biologists who hold that the 
chemical compounds found in cells do not occur there m 
chemical combination with one another, but are physically 
aggregated in definite ways, pre-detenmned bv the racial 

^^oiuideratloii of the metsbolisiug tytlem ii definitely Imnted 
here to the end of showing that it it not a ohenuctl oompoand 
tberefoio no mention will be made of bio-phytieal or of pbytao 
logical ttodtef 
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history of the organism concerned, into microstructures 
which are also themselves similarly aggregated to form the 
whole living metabolising system or cell So, although 
chemical analysis is essential to throw light on the material 
nature of protoplasm, it must always be remembered that 
** on ultimate analysis we can hardly speak at all of living 
matter in the cell, as we cannot speak of life as assoaated 
with anv particular type of molecule* 

Cytological and biochemical analyses aim at descnbmg 
the metabolising system m terms of its component micro- 
structures The cytologist recognises after close microscop- 
ical observation or after micro dissection, nuclei with their 
chromosomes, plastids, mitochondria, plasmatic membranes 
and so forth, and the biochemist separates from livmg cells 
the micro svstems of chemical activity which are called 
enzymes C3^ologists and biochemists are agreed, as a 
result of their very different ways of approach of the 
problem, that the micro-structures of the cell are composed 
of fmxtures of chemical compounds Space does not permit 
of a critical discussion here, but we yield to the temptation 
to quote Willstatter who has recentlv made elaborate but 
unsuccessful attempts to isolate a pure enzyme He con- 
siders that enzymes are probably mixtures of two or more 
components having the nature of new chemical compounds 
cfwing to the “ mutual influence on each other of the 
el ectro static and electro magnetic fields of force of the 
individual components* ** 

It will be remembered that it was stated at the beginnmg 
of this paper that the jx>wers of growth and develofHnent, 
and of reproduction are the essential attributes of a hvmg 
system For these powers to be shown there must be as- 
sembled whole metabolising systems for example, if 
Amoeba is dissected into two parts, the nucleated part first 
regenerates the whole organism and then oontmues its 
normal life, whereas the ncxi-nucleated part dies Therefore 
It IS not correct to speak of one particular cytological miciD^ 
structure or one particular enzyme as hvmg until it can be 
proved that it will grow and multiply, and this has not as 
yet been done for any micro-structure or for any enz3rine. 
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Nor IS it enoug^h to consider the living: cell as a simple sum 
of the parts, whether cytological units or enzymes, of which 
it IS composed, for, with the assoaation of these parts there 
arc resultant or emergent qualities depending on the way tn 
which the component parts are put together, and the way in 
which their activities are co-ordinated There is much {Kofit 
to be derived in this connection bv comparing the working 
of a Ining r*ll and its parts with that and those of a motor 
car, or bv comparing the co ordination of events m a 
living cell with the harmonv produced by a large orchestra 
of man} different instruments under the control of a skilled 
conductor 

It should now be clear that there are two quite distinct 
problems of synthesis presented to man by living organ> 
isms First, there is the synthesis of metabolic products — 
definite chemical compounds — which he has attacked with 
success Then there is the far bigger problem of the S}mth- 
esis of the verv complex organisation of chemical sub- 
stances which constitutes the metabolising system Before 
synthesis of a given living cell, say Amoeba at a tune Tj, 
can be attempted, it will be necessary to analyse the cdl at 
this timejmolecule by molecule for this is the only wray m 
which to Beal with ofgantsed mixtures Such a mode of 
analysis would demand powers of manipulation which man 
at present does not possess, but conceivably man may 
evolve into a creature who will be able to perfonn this ultra- 
delicate operation, but if this were to happen he would 
surely then deserve a new specific name — superman, say 
Let superman re-assemble the molecules at a time T,, 
exactly as they were at the time T, , then, and only then 
would the synthesis of the given Amoeba have been 
effected It is a debateable point whether the rfi- 
integrated Amoeba would be endowed with exactly those 
powers for itself and its race that it possessed when anal}^- 
ed at T, , for it can be argued that there is an immaten^ 
something which is capnetous in its Attitude towards pot~ 
ential metabolising systems The author, however, Isolds af 
a working hypothesis that life is the natural mevitatde 
result of certain kmds of structure, and therefore, fan 
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thinks that superman's experiments m a-bio^enesis would 
be successful. 

The somewhat fantastic ideas put forward in the last 
paragraph are considered worthy of a place here, as they 
make clear the limitations^ which the author sees, in man's 
{lowers to synthesise a given form of life from chemical 
compounds. It is important, however, to distinguish 
beween synthesis in this sense, and the attempts 
which have been made by many experimenters in the past 
to bring about spontaneous generation. These attempts arc 
based bn arguments which are quite logical, assuming as 
premises that living forms evolved in Pre-Cambnan waters 
from non-hvMig chemical compounds by natural processes, 
and that it is possible to re-asscmble in the laboratory all 
the conditions which led then to the emergence of life. 
There is no theoretical obstacle to success in producing 
living forms artificially if the right conditions are by 
chance employed, and if it is realised that the experiments 
may have to be very prolonged, but it is most important to 
appreciate the fact that in such experiments no deliberate 
attemjit is made to produce a given form of life: the experi- 
ment is set up, and it is ho{>ed that Nature will do the rest I 
Such haphazard attempts at spontaneous generatiem, which 
have frequently been made in the past, are not experiments 
in 'synthesis, following analysis, of a kind which will 
satisfy organic chemists, nor need they be considered 
seriously as yet; for, although claims of success have at 
various times been made, the overwhelming verdict of 
those competent to judge is against spontaneous generat- 
ion and wholly in su{>port of the followmg conclusions: — 

cl) Every existing metabcdising system has come from 
a pre-existing metabolising system. 

(2) Metabolising systems are not being evolved in the 
world at the present time. 

(«1) Metabolising systems have never been ptodneed 
Xitificially. 
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And the author adds (4) It is inconceivable that man 
will ever deliberately synthesise a given type of meta- 
bolising S 3 rstem 

1 wish to record my thanks to Professor Heslop 
Hamson F R S for reading the manuscript of this paper, 
and for offering several helpful criticisms 
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ON RHYTHMIC DEPOSITION IN THE YOREDALE 

SERIES. 

By James Brough, B.Sc. 

The term Yonredale Senes was applied by John Phillips 
to the mass of strata, composed mainly of alternating beds 
of limestone, shale and sandstone, which immediately 
overlies the Mountam Limestone in North Yorkshire and 
underlies the Millstone Gnt. His sections clearly indicate 
that the constituent layers do not occur haphazajxlly, but 
in a dehmte order which is repeated time and agam 
throughout the whole succession. In the present paper 
it will be shown that as these beds are traced northwards 
from Yorkshire they preserve, not only their essential 
lithological character, but also their rhythmic arrang- 
ment. Further, it is noteworthy that the senes shows 
comparatively little variation in thickness over a lateral 
distance of one hundred miles or more. 

In short, it is suggested that the Yoredale Senes is, 
considering its constituent materials, a formation of 
singular unifomiity in character and of wide distnbutKxi^ 
and fully ments recognition as a major subdivision of the 
Bntish Carboniferous rocks in northern Britain. 

* The most interesting common character displayed by 
this series is the {dienomenon of rhythmic depositioa. This 
was first noted m the type area, but has been observed also 
in Durham, Cumberland and Northumberland. 

The Rhythmic Unit, 

The Yoredale Senes may be resolved mto major and 
minor constituents, the latter are more numerous than the 
former but form only a small portion of the total thickness. 

Major Constituents: — LimestonCi shale, sandstone. 

Minor Constituents: — Fireclay, impure gannister, coot 
ironstone, chert. 

Of the major constituents, limestone is the least bulky. 
It may, however, form more than one fifth of the total 
thtekn^ss in some sections, the remainder being composed 
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of sandstone and shale, with the former usually {Mredomm- 
ating The order in which these beds occur is dehnite and 
fairly constant , the limestone is overlam by a shale, whidi 
passes upwards, by alternation mto a sandstone The 
sandstone may be capped by a fireclay, which may bear an 
accompanying coal seam The next bed deposited is a 
limestone agam followed by shale and then sandstone^ 
giving another rhythmic unit 



CO\L 

FIRECLAY 

8ANDSTONB 


THE RHYTHMIC UMIT. 

(SCALE 100 ft - 1 INCH) 


SANDY SHALE OR 
8HALY SANDSTONE 
UNPOSSILIPROU8 DARK SHALE 
WITH IRONSTONE NODULES 

SHALE WITH KAEINB FOSSILS 
LIMESTONE 


friL t 

As there is some difference of opinion regarding the 
natural bo^pnning and end of the rhythmic unit, a fuller 
description of its characters will be given below in the 
discussion of the separate localities 
H €nsleyd€de 

As stated above, John Phillips’ sections had, at an early 
period, indicated the rh 3 d.hmic arrangement of the Yoredale 
strata in this region Later, the same phenomenon elicited 
a short notice from Wheel ton Hind,® and quite recently R 
G S Hudson® has published an account of these beds, with 
a very full descnption and discussion of the rhythm. 
Following the R A report, the Girvanella band at the base 
of D, IS taken as the base of the Yoredales Thus m the 
Yorkshire dales the Yoredales consist of approximately 
1,200 feet of strata, which is made up of some fourteep 
rhythmic units which are usually atf^t 100 feet thick, 
although some units are considerably thmner 

Hddsott takes the beginning of a rhythmic unit as the 
base oNtbt shale, passmg up through sandstone and with 
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hmestone at the top He describes a typical rhythmic unit 
as follows — 

The sequence begins with the shale deposited on an 
already hardened and sometimes eroded limestone The 
fauna of the shale is of the “ normal shale type ” Fmally 
the depositiont of the shales was such that no fossils are 
found, the mcrcased iron content which eventually formed 
the ironstone nodules may have been the determining 
factor resulting in such a condition Intercalations of 
sandstone then cKCur and eventually the sediment is entirely 
a sandstone, false bedded and of rapid accumulation 
Occasicxially this sedimentation culminated m emergence 
and coal seams result at the top, or near the top, of the 
sandstone Next, the deposition of the sandstone matenal 
ceases and clear water follows, in which corals establish 
themselves on the sandstone surface The lack of sediment 
and the gradual deepening of the water results m the 
formation of a limestone, and the establishment of a coral- 
brachiopod fauna locally replaced by a purely brachiopcxl 
assemblage The accumulation of limestone comes to a 
close in a shallow water lagoon phase of algal growths and 
the limestone formation then ceases The sequence is then 
initiated again bv the deposition of a shale sediment ” 

Hoftk N Of thumb f f land 

The rocky foreshore to the North and South of Beadnell 
Haven dis^days a very fine, and almost uninterrupted sec- 
tion of Yoredalian rocks The strata mvolved he between 
the Oxford and the Great limestones and constitute the 
** Middle limes tCHie group of the Bernician in the termin- 
ology of the Geological Survey^ fhese beds consist of 
limestones, shales, sandstones, fireclays, impure gannisters 
and coals, and are equivalent to the lower three quarters 
of the Yorkshire Yoredales, the Great Limestone bemg 
correlated with the Mam Limestone and the Oxford Lime- 
stone with the Hardraw Scar Limestone* 

The series displays a rhythm which may be sometimes 
obscuT^, but which is never totally lost, Starting at the 
bate tbc rhythmic unit consists of hmestone, fine dark 
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shale, micaceous shale, shaly sandstone, sandstone and 
finally fireclay, often capped b> a coal seam The rhythm 
IS best displayed in the lower j>art of the section 

The hmesone was formed, presumably in a clear and 
shallow sea inhabited by a mixed fauna of corals (usually 
simple), Cnnoids, Brachiopods, Bryozoans, etc , which at 
times was superseded by a purely brachiopod assemUage, 
the latter fossils being sometimes very abundant at the top 
of the limestones A change in conditions took and 
the clear sea was invaded by mud which formed a fine 
dark shale in which members of the limestone fauna 
struggled on for a while but were eventually killed off The 
shaly marine band thus formed is rarely more than two or 
three feet thick 

In toe rhythime units of the lower part of the section 
under discussKm the limestone typ>e of fauna is suc- 
ceeded by "a definite " shale type the principal member 
being Posidomya bechen The nature of the shale gradually 
changes, it licconies unfossileferous and to an increasing 
extent ferruginous, leading to the production of thm seams 
of nodular ironstone in the upper layers Coarser material 
now begms to invade the area, the shales become first 
micaceoul, and later, sandy In the latter conditum they 
contain, often abundant, but badly preserved plant remams 
Sphenoptens is occasionally recognisable With still coarser 
material being deposited the sandy shale gives way to shaly 
sandstone, which in turn is superseded by sandstone or gnt 
C urrent bedding is a prominent characteristic of the coarser 
deposits Sandstone deposition probably culmmated m the 
emergence of sandbanks which were rapidly covered by 
vegetation to give the fireclays and coal seams which so 
often mark the top of a rhythmic unit 

At this stage there is a radical and sudden change in 
conditions, the coal forests are drowned and replaced by 
an expanse of open water into which httle detntal material 
finds Its way The typical coral-br&chiopod fauna again 
migrates mto the area and the accumulation of luncsloae 
thus Gommence4, marking the base of the next rhythtetc 
<uut. 
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Mr Hudson takes the base (if the shale as the base of 
the unit and carries on through sandstone and coal to the 
top of the limestone In this he is apparently influenced 
by the presence of limestone conglomerates at the top of 
certain of the limestones and also by the presence of Ugoon 
phases in them Such evidences of physical break have 
not been observed in Northumberland where invinably the 
marine shales conformably overlying the limestone surfacCi 
appear to indicate a gradual passing awav of marine con 
ditioas 

While it is true that coal and limestone are both to a 
large extent organic depK>sits it is clear that these sub- 
stances were deposited under vastly different physical 
conditions, indeed, there is as great a difference m depos- 
ition as can well exist, for while one is terrestrial the other 
IS purely marine and they mark the two extreme types of 
deposit found in the series Such a difference does not 
exist between limestone and iiianne shale for they are both 
marine deposits but they differ in that the shale indicates 
the oncoming of fine detntal sediment into the area of 
deposition, the direct result of v^hich is the driving out of 
clear water loving forms of life, a general impoverishment 
of the fauna, and hence the cessation of limestone depos- 
ition Arguing CHI these lines, it seems much more logical 
to look upon the base of the limestone as the beginning of 
the rhythmic imit This horizon does represent a change 
of some sort, maybe subsidence, for it is quite certain that 
after limestone deposition, the unit represents a steady 
silting up 

In the Northumberland area m Yoredale times there 
seems to have been a fundamental tendency to produce the 
rh3rthm, but superimposed upon this were other minor 
fluctuating movements which have slightlv obscured the 
purely rhythmic sequence 

Thus, occasionallv, there seems to have been comparat- 
ively prolonged deltaic or estuanne conditions which 
resulted in thick deposits of sandstone and sandy shale, 
vndi plant remains and occasional beds of fireday, impure 
gtnnister and coal 
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OXFORD LST 
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MARINS SHALE 
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MARINE SHALE 
MARINS SHALS 
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In other cases t c rl \thin has been interrupted by minor 
recurrences rf marine con lit ions This s well demonstrated 
in the beds below the Acre limestone in the Beadnell section 
where a thin limestone was deposited and above it hne 
shale mergfing into sandy micaceous shale with Ian 1 plants 
and finally into a sandstone So far the rhythm is perfect 
but the sandstone gives way to sandy shale which is over 
lam by a thick bed of fine dark shale containing a band 
with marine fossils a few feet from its base From the 
marmc band the succession continues normally through 
dark shale sandy shale and sandstone to a fireclay with an 
accompanying coal seam overlain not by a limestone as 
would be expected but again by a dark shale with marine 
fossils near the base After this the succession continues 
normally through shale and sandstone up to the Acre 
limestone 

It would appear that these marine bands indicate the 
presence of two incipient rhythmic units and that con 
ditions at the time viere not sufRcientlv stable to allow the 
deposition of limestone 

%0Uih N orihumberland and Cumberland 

The rhythmic nature of the Yoredale deposits in this 
region has not escaped notice Messrs Trotter and Hollings 
worth* working in Cumberland ren ark upon the presence 
of rhythm in the beds above the Great Limestone and Mr 
W P Hedley has also observed this phencmiencHi in the 
strata between the Great and Harlow Hill limestones in 
the Tvn^ valley 

For the beds below the Great I imestone there is less 
certain information it is however interesting to notice 
that in Westgarth Forster s section dt the limestone series 
in the Alston district^ all the beds from the Scar limestone 
to the Great limestone show a regular and repeated 
sequence of limestone shale and sandstone The section 
IS not so detailed as one would desire but it indicates a 
ih 3 rthm m these Yoredale strata which if worked out 
would probabh correspond closely to that observed in 
Wensieydale and North Northumberland 
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SBCTION OF A FAIT OF 
GREAT LST fig YOIDAU SlUIS 

IN THB ALSTON DISTBICT 
after Wcetiwtk Fwifar. 

SMALL LST. (SCALE 100 It . I mciu 


VOUR FATHOM LST 


THRBB YARD LST. 


FIVE YARD LST 

SCAR LST. 

FiR 3. 

Scotland, 

In many of the sections of the upper and lower lUDe* 
stone senes, published by the Geological Survey of Scot- 
land”, the beds of limestone, shale and sandstcMie are seen 
to preserve the same relations as in the north of England. 
These deposits are probably equivalent to the Northumbei^ 
land Yoiedales to which they bear a striking similarity. 
The general uniformity is marred in this region by tb 
interposition of the Edge Coal Ofonp **. This 
of strata persists into north Northumberland whcca it il 
known as the ** Lickar Coal Group " ; it is here ml^ le4 
important and rapidly thins out to the south. 



Cause of ike Rhythm 

Hudson explained ihc rl ythiii by supposing that the 
Wensleydale Region held baJanct bet^\cen an area of 
iifiiestone deposition to the south and a deltaic area to the 
North and that this intermediate zone would tend to 
register physical changes A succession of slight land 
uplifts provides the material for successive units The 
rhythm is thus explained as a local mterdigitation of mar 
me and deltaic material Now if this were the case in 
tracing the beds northwards they ought to pass into a mass 
of deltaic deposits It is clear fr:>m the foregoing descnp 
tions that this is not so we find that the Yoredale beds 
at Beadnell are quite similar to their Yorkshire equivalents 
which he over 100 miles to the south 

The theory involves the suggestion that the particular 
conditions which produced rhythmic sedimentation were 
local but from the present evidence it appears that for the 
North of England at least and at certain periods for 
Scotland too the conditions were general 

There is one certain and obvious fact the Yoredale 
Series was deposited in a subsiding area The subsidence 
tnav have been regular or )erky and if the latter the 
rhythmic deposits may be explained as the successive 
infilhngs of a basin which from time to time underwent 
rapid depression If the subsidence was regular it is 
necessary to look for some outside factor which would 
influence the nature of the sediment being laid down in the 
Yoredale area A recurrence of sharp uplift of the land 
which supplied the detritus would account for the rapid 
influx of temgerous sediment which from time to time 
invaded the limestone sea 

It IS also possible to account for the observed rh 3 rthm 
without calling in sudden earth movements in the areas 
either of supply or of deposition The products of 
terrestrial denudation must be transported to the areas of 
deposition and the obvious transporting agent is water 
A change from humidity to aridity in any land area would 
involve a great diminution in the amount of surface water 
with a corresponding decrease in the amount of material 



transported If there was a cyclical climatic variation m 
Yoredale times it is likely that periods of aridity would be 
rqiresrnted bv the limestoms and periods of humidity by 
the terrigenous sediments and the coal, the area undergoing 
a slow hut steady subsidence all the while 

It IS clear that the above paragraphs merely contain an 
attempt to stale the possibilities witli regard to the origin 
of the Yoredale rhythm Of the alternatives outlined, the 
third may be looked upon as lieing too speculative in the 
present state of our knowledge regarding i hmatic changes 
in the past We do know that climate changes and it is 
to be remembered that there must always he an intimate 
connection between climate and sedimentation and further, 
that a change from humidity to aridity need not involve 
temperature changes to any great extent a shift m the 
direction of the prevailing winds would in some cases 
suffice 

For the present, hfiwever it is perhaps as well to return 
to the more simple factors of uplift and depression, and to 
regard the Yoredale rhAthm as a consequence of uneven 
earth movements, affecting either the area of supply or of 
deposition or quite |>ossjblv in interaction of movements 
affecting "both 

ReI'ERENCFS 

'T Phillips, Geology of Yorkshire Part, IT p 17, (18*10) 

nVheelton Hind, Proc York Geol Sor , M S , 1902, Vol 
XIV , Part III 

G S Hudson Pror York Geol Soc , 192124 Vol 
XX , Part I 

’•The accompanying section of the Beadnell foreshore was 
constructed in 1920 and the limestones were named 
from the now series Geological Survey maps of Ncnrth 
Northumberland In 1927, Mr G A BuntettU 
detailed description of the Beadnell shore section 
appeared m the Geological Survey publication, •••pe 
Geology of BHford, Holy Island and the iFame 
Islands 
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NORIHUMBFRLANU DIM I Cl RI SFARCH 
FIRST REP OR! 

By Harold Ok row 

November last saw the inauguration of the Armstrong' 
College Survey of the vernacular forms of speech used in 
Northumberland The scheme owes its inception very 
largely 1o a number of interested Northumbnans who have 
provided surhcient monies to cover the initial expenses of 
the investigations Work upon the task has been earned 
on by the English Department of the College continuously 
since that time Progress has Vieen and must be, somewhat 
slow owing to the professional duties of those ^gaged in 
the Survey Rut a stage has now betn reached when d 
halt m operations could with ad\ antage be made in 
order to review what has already been accomplished and to 
consider how best to proceed in the future 

A fair amount of attention has been devoted in the past 
to the dialects of Northun l^erland, notably by the late 
Oliver Heslop whose Glowary of Notlhumbnan Words is 
the standard work on the provincial vocabulary of this 
county But Heslop was also deeply interested in the 
various limits of the dialect groups, and the map which he 
plotted and published in his great work has already proved 
its value for our purposes We deplore the fact that our 
labours cannot now receive the help guidance and encour- 
agement which would surely have been forthcoming from 
so erudite an authority as he obviously was The grammaf 
of the dialect spxiken on Tyneside has also been explored 
bv the Rev J E Hull, and his researches, printed in th6 
Vasculum for 1922^ form a valuable contribution to this 
department of learning The sound systems of our local 
forms of speech have also been treated by Elhs and 
Wright, but no-one will deny that a satisfactory phofio- 
logical study, or rather senes of studihs, of the Northum- 
bnan dialects has yet to see the light of day It i$ with 
this particular aspect of local dialect investigation that oar 
English Department is pnmanly oonoemed 



One of tl)c principal aims ol the Survey is the assembly 
of a large number of mechanical recordings of the North- 
umbrian dialects These records will be deposited in the 
College Librarx The interest of sudi a collection to fut 
ure generations, as well as its value to English philological 
science, neetl not lx discussed in this place That this task 
be earned out as speedily as possible is essential Neverthe- 
less there are certain risks attendant upon precipitate haste 
The making of a satisfactory record requires a vast amount 
of preparatorv work Our attitude to dialect as spoken 
today must be one of caution The current vernaculars 
in this county are not necessarily pure It is indeed beyond 
question that they have lieen corrupted to a large extent by 
extraneous influences, and that th^y have absorbed a great 
deal from Standard English in the course of the last four 
or five centuriesi The correctness of this attitude is vouched 
for bv all our authorities, it is confirmed bv the researches 
of our dialect specialists, %nd also by our own limited 
observations in this neighbourhood Ability to sift the 
genuine native elements from the hybrid forms of speech 
now employed is one of the essential qualifications of 
twentieth centurv dialectologists, and am competence m 
this respect presupposes a knowledge of the history of the 
sounds not onlv of the particular dialect under examina 
tion but also of its cognates One of the more prominent 
results of our investigations up to date is, that we mav now 
fairly claim to be able to distinguish between what is native 
to Northumberland and what is derived from external 
sources This is certainlv not less in im|x>rtance 
than the information that has so far been collected and 
card indexed How ** impure *’ local dialect is, may be 
gathered from the following Many speakers in our area 
habitually use exactly the same vowel in the words tonrt 
boik^ stone etc , viz f mtd front slack rounds though 

lowered and retracted), as they do in close adj . coat^ nose 
etc , Or, to put it another way, both ME a and ( slack) 
may give nse to present-day fi] But these pi] -forms are, 
from histoncal reasons, most certainly of alien origin — m 
an probability frexn Early Standard EngliiA — and 
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yet they may be considered just as typical of current 
Northumbrian as those pronunciations exhibiting the 
genuine representatives of old a 'itul viz [i i“ (^) \a\ 
and fu'*] respective!} Again, the traditional forms of 
words like old^ cold^ hold etc manifest a long vowel of the 
[a] type (fully front slack unrounded)^ in other dis- 
tricts they contain the above mentioned [JJ] whilst the 
etvmological / has normally ceased to be pronounced 
Alternative forms with [afil] however, are widely pre- 
valent in our area> as elsewhere in the North of England 
These may also be showm to hav< lieen borrowed in the first 
place from Earlv Standard Out additional instance will 
suffice Northumbrians frequently employ the same vowel 
in words of tlie type boards corn^ horn etc , viz [5^ (low* 
back ten\e round^ as in words like btrd^ third etc In 
neither group is the sound in question the true rative 
development*^ the former class contain, when normal, the 
diphthong [uo] {high back tense rounds lowered + rtud 
flat slack lowered towards low back position), whereas the 
latter exhibit [eaj (first element being mtd front tense) 
Diphthongal pronunciations of these kinds, though still 
extant, are obsolescent The [5] forms are similarly of non 
native origin It will thus be clear that if our gramophone 
records arelo give a faithful picture of really genuine dial- 
ect, not only must the selection of the speaker be made very 
carefully, but much caution must also be exercised in the 
choice of the material to be dictated Incidentally no 
decision has yet been made as to whether this material shall 
represent the hybrid vernacular now employed by most pto- 
vinaals or whether it shall first be weeded of its alien 
elements We venture to believe that it is still possible to* 
record forms of local dialect that preserve their traditional 
phonological characteristics without being archaic, and, 
further, that if our recordings are to be of the greatest 
possible service to students of English philology, somo 
reconstruction of the dialect specimens m the way 
gested wnll be essential 

One other topic may be conveniently discussed 
namely ^be subject matter of the proposed gianidpboiie 
records Recording of dialect for scientific puiposes u of 
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course no nr\v thing Ihe nature of the existing records 
\aries considerably, however Gerinan workers in this 
field — and the Germans some few years ago took advant 
age of a wonderful opportunity to make a comprehensive 
senes of dialect records in the prisoner of war internment 
camps — seem to have preferred biblical matter, as e g the 
Parable of the Prodigal Son Other students have ex 
pressed themselves in favour of proverbs, trite savings, 
homely similes and verses in dialect But whatever 
material be chosen it is mipierativc that every assistance be 
given to the speaker to enable him to reproduce his normal 
intonation Here in Northumberland where in ordinary 
conversation the inubical melody of the sentence is one of 
the most striking features of the different forms of 
provinaal speech, one must he particularly vigilant in this 
matter We are therefore inclined to the opinion that 
formal material such as extracts from the Bible and dialect 
poems should be rigorously excluded Although the final 
decision has yet to be made we believe that a satisfactory 
record would be one that embodied a number of carefully 
selected words illustrating the historical problems of the 
particular dialect concerned, a few proverbs similes and 
quaint sayings, m addition to a raev story or perhaps two 
Possibly some reader of these notes would care to furnish 
'matenal of this kind Needless to say, suggestions would 
be cordially welcomed bv the Survey Any such communic- 
ations might be directed to the present writer at the 
College 

As regards the commercial aspect of the proposed 
gramophone records, our tentative efforts to interest manu- 
facturers have <o far been unavailing As a last resort, 
however, it mav prove necessary to call in the aid of some 
foreign firm or other It is understood that the same thing 
has been done elsewhere in these islands, namely at Coric, 
where the University authorities empowered a German re- 
cording company to carry out work similar to that which it 
IS desired to have done in this county 

Wc may now pass on to the more tangible results of our 
inquiries up to date Work is proceeding on the dialects 



B|K)ken in three different arca*> in the South of the county, 
namely those conver^^ing on Newbrough nr Hexham), 
Capheaton and Bellingham respectively and already a 
total of between 1400 and 1 >00 pronunciations have been 
noted, about a thousand of which have been card indexed 
We would take this opportunity of acknowledging 
the voluntary and efficient help rendered by Mr 
Bowman and Mr Curry members of our Second 
Year Honours Class who have been good enough to insert 
on the cards the etymologies of some hundreds of these 
dialect forms The material in our possession comprises, 
in addition fairly detailed lescnptions in scientific term 
inology of the sound systems ol Newbrough and Cap 
heaton \ phonetic 'ilphabet is of course bemg employed 
in which to register the information for it is only by some 
such means as this that students of dialect both at home 
and abroad^will be enabled to gain any precise notion of 
Northumbrian sounds without going to the extent of 
spending nianv months in the county The orthographical 
systems used by many writers of dialect though often 
fairly intelligible to persons familiar with the locality are 
wholly inadequate for scientific purposes and moreover, 
often prodticti\e of the greatest confusion Consider for 
a moment the spellings that are often intended to indicate 
a certain Northumberland pronunci'ition of the word book 
Readers will probably have noticed such variants as buke^ 
bulk buyk beuk bewk byuk Spellings of this kind 
suggest to the English phonetician a fairly extensive range 
of pronunciations But foreign students of English 
dialects — and the work of foreign schdars in this Con- 
nexion ranks with the best — are obviously in a much worse 
plight Such bewildering combinations of letters must, 
indeed be for them a positive nightmare It wras m fact, 
many years ago that dialectologists abandoned the use of 
ordinary spelling for the recording the dialect informatidi 
that they wished to give to the world 

The material in our collections will have to be confiiinecl 
later on by observations m thte particular districts, because 
all of it, except in the case of Bdlingham, has been 
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supplied by individual helpers Our informants are, for 
Newbroiigh, Mr \Vm Nixon, pumpman, of Gateshead, 
and a native of Newbrough, and for Csq^heaton, Mr Ralph 
Carr, L D S , of Newcastle As regards Bellingham, the 
present writer has spent five davs researching into the 
dialect, or better, fx*rhaps, dialed s spoken there But 
since then, Mr J Upton Smith L D S , of Gosforth has 
kindly offered his assistance, and placed his detailed know- 
ledge of this dialect at our disposal We would here place 
on record our deep aopreciation of the eminent services 
already given b} these three helpers, and we tender them 
our thanks How fortunate is the Survey m securmg such 
competent assistance in this immediate neighbourhood, will 
be realized at once With their co operation the whole of 
the spade work upon the three dialects in question may be 
done in Newcastle itself, uilh tlie con*-cquent saving of a 
considerable iinount of time and money Perhaps these 
notes will pass into the hands of some who are in a position 
to afford similar aid for otf er districts If so, it is earn- 
estly hoped that such readers will be good enough to allow 
us the Ix^nefit of their stores of knowledge To be enabled 
to begin our investigations in the field knowing pretty well 
what to expect, would lighten our task immeasurably It 
9iay perhaps be added that we are looking forward 
eagerly to a not distant future when some of the students 
of the Department will be fully qualified to undertake the 
saentific exploration of the vernaculars of both Northum- 
berland and Durham, or for that matter, of any other 
county in the kingdom The organisation of such a school 
of dialectologists would be an event without parallel in this 
country Tn the meantime much valuable work can, and, 
it IS hoped, will be done by our undergraduates, even with 
their present limited opportunities, in the verification and 
enlargement of the material already assembled 

The dialects so far examined appear to exhibit certain 
well marked distinguishing peculanties, to whtdi some 
space may be allotted here Under the circumstances, 
nevectheless, it would be well to point out that these remarks 
should be considered provisional, and that the^ may 
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xcquire modification m the light of the results of further 
investigation One of the most charactenstic features of 
the Newbrough d'alect is undoubtedly the levellmg, under 
normal conditions, of ME al followed by a consonant and 
UE au under a rounded vowel, vit long jj] (mtd-front^ 
slack-round^ lowered and retracted) Hence words like 
cold^ hold etc nowadays manifest a vowd which is 
identical with that of claw^ law etc This rounded 
vowel is, in the opinion of the present writer, the ccxitin* 
uation of an earlier [ 0 ] {mid back-slack)^ and to judge 
from the s|ielling Hoattivhsle^ for the place-name 

Haltwhistle (Nhb , first element is OTt haut ‘high*) 
noted by Professor Mawer in his “ Place-Names of North- 
umberland and Durham'*, t* 1(H), the ME diphthong an, 
and together with it ME al before a consonant, had be^ 
come modified to a vowel of the type [o] ( nud-back-slack^ 
round) by^e middle of the seventeenth century at latest 
To contmue, Newbrough differs entirely in respect of this 
•dcvelc^ment from Capheaton, where ME au and al are ’ 
now represented bv (fnlly-ofien front-slack) On the 
other hand in Bellingham, curiously enough, we find both 
(3] and Uii} $ and we arc unable at the moment to say whidi 
is really indigenous and which is of external provenience 
The wntCT has actually heard both tvpes used m ordinary 
conversation by one and the same speaker within the course 
of two or three minutes 

Again, m Newbrough ME a (sis eg in bone, both, 
most, stone etc ) and ME tas m book, moon, nook, tool 
•etc ) give rise to the same sound in a medial position, vu 
the diphthong ( 10 ) {k gh-front ten^e lowered + mid- fronts 
tense retracted towards the mtd-flat) Neverthdess in 
Capheaton they arc still quite distinct,, old d bemg repres- 
ented by [i§] (Aigk-front tense lowered + mtd-fiat-sUuk) 
and C| by [tp] (ktgk front slack + mtd-flat-tense-round) 
The regular Bellingham correspondences of the ME. 
sounds in question are as jret undetermined, although out 
observations suggest that here too mifch confusion exists. 
Other points of difference between the three dialects hgre 
1>een noted, but it would be unnecessary to go more deeply 
into the matter in this place, and, besides, enough has bMi 



said to indicate the methods that are being pursued m our 
attempt to classify the local vernaculars 

As regards the history of the Northumbrian dialects — 
and bound up with is the history of the population of the 
county — we rtgret that any comprehensive treatment of the 
subject a*- our hands must be postponed for some time 
owing to the urgency of the more immediate purpose, the 
collection of the raw material This is all the more to be 
deplored since, in addition to the liklihood that it will 
provide a number of fascinating problems, this field of 
study remains unexplored as far as Northumberland is 
concerned It may lx* of interest to note here that the 
historical side of English dialectology is nowadays based 
largely on the early spellings of local place names and the 
deviations from the traditional orthography that are to be 
found in the documents, both public and private, connected 
with the particular region under examination Students 
of the Northern dialects have access to a veritable mine of 
information in this respect in the records published by the 
Surtees Society 

Finally a word as to the reception accorded to our 
work In the course of our studies we have come mto con- 
tact with men and women drawn from many grades of 
society and have talked e g with roadmen, blacksmiths, 
jbiners, fann labourers window cleaners, grocers and 
various shopkeepers, as also the heterogeous types in a 
football crowd, and everywhere the subject has always 
evoked interest It would appear as if the mere mention 
of Northumbnan Dialect is one of the quickest ways of 
gaining a whole host of good friends in this countv In 
this sympathetic reception of the general public, as also for 
the generous measure of financial support already given by 
certain of our well-wishers, the members of the Survey have 
cause for the deepest satisfaction 

The following specimens from our cards will diow at a 
glance what is being collected and the form of record 
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Newhrough 

Capheaton 

Belhn((ham 

od] old 

fad] old 

[oj + [ad] old 

+ fould] (early loan > 

+ [oMld] (do) 

+ [ouid] (do) 

St E 



+ fold] (late loan > 

+ [old] (do) 

+ [5ld] (do) 

St E 



ME a/(j>Angl aid 

do 

1 

do 


Newbrouffh 

Capheaton 

Bellingham 

[biek] book 

j [btek] book 

[biek] + [bi9k] book 

ME bo*> OR hok 

do 

do 
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THE SEQUENCE OF IHE UPPER LIMESTONE GROUP 
BETWEEN CORBRIDGE AND BELSAY 
By W Percy Hedley and S Temple Waite, B Sc 

The district under consideration has long been recog- 
nised as one of considerable interest, and has often 
attracted the attention of geologists Owing to the 
sequence not being correctly understood, the results have 
never been entirely satisfactory Through the kindness 
of Mr Bates of the Mickley Coal Company, the writers have 
had placed at their dispiosal, the record of a recent boring 
put down by that Company at DiNton Bridge, just outside 
the limits of the district taken for this paper This taken 
in combination with the sequence established by Trotter 
and Hollingsworth in the Brampton District^ has gone a 
Icmg way towards clearing up many hitherto unsolved 
problems m this district 

Amongst previous workers in the district, Professor G 
A Lebour and Dr Stanley Smith have each done a great 
deal The former’s paper* was the first step, and the 
latter, who acted as Secretary to the Committee appointed 
in 1912 by the North of England Institute of Mining and 
Mechanical Engineers to report on the Carboniferous 
Limestone Formation, with special reference to its Coal 
Resources, earned the work still further 

The boundaries of the district under consideration are 
Dere Street (Wathng Street) on the West, the River Bl 3 rth 
on the North and the Tyne on the South The upper 
Limestone Group has been taken as the strata between the 
Great Limestone and the Harlow Hill Limestone This 
upper limit is the last calcareous bed which can be traced 
continuously across the distnet, but the writers do not wish 
to imply that this bed is necessarily the dividing line 
between the Limestone Group and the Millstone Gnt The 
boundary betwem these two divisions of the Carboniferous 
has been somewhat arbitrary, * being determined simply 
for convenience by the outcrop of the highest calcareous 
member of the lower set of beds 
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THE SEQUENCE 

( A Iwt of the borings referred to will be found in 
the Appendix ) 


The Great I imestone is so well defined by its great 
thickness that it becomes a prominent feature of the land- 
scape and has been worked in many places along its 
outcrop 


Great Shale Immediately overlying the Great Lime- 
stone is a thick bed of shale comparable with the Great 
Shale of the Alston District No borings in this distnct pass 
through it but at Fallowfield two borings record it as 866* 
(B & S S (S) and 898 (B & S 8J0) thick 


Black Pasture StU Above the Great Shale is a massive 
building sandstone the Black Pasture stone of the N(^th 
Tvne Bormgs at Fallowfield proved it as 620 (B & S 
SdS'^ and 897 fB & S 816) thick This siU forms Uggoe 
Hill and Kearsley Fell near Ingoe Near Whittmgton it has 
been quarried at Pikehill and Sharpley Quames 


Snope Burn Marine Band Between the Black Pasture 
Sill and the Main Coal of the I ittle I imestone Coals are 
beds of shale and sandstone^ and m part of the distnct at 
least one or more limestones of the honzon of the Snope 
Bum Marine Band of the Brampton Gilsland section 
They may perhaps be the same as the thin limestone or 
limestones exposed in the bed of the South Tyne below 
Allerwash and in the bed of the Silly Bum north-east of 
Haydon Bridge B & S S38 at Fallowfield has the 
following strata — 


Main Coal 

Shale 6 4* 

Sandstone 6 9* 

Shale 1 (T 

UMESTONE 

Sandstone 

LIMESTONE 

Shale 


14 r 
12 0 * 
38 (r 

9 0* 

6 or 


BUc Pasture Sill 


78 I 



m 

The limestones are absent m B at Fallowfield, 

and at Bogliall, near the northern boundary of the district 
under consideration, B & 5.124-3 has the following section 
below the ‘ Main (’oal '* — 


Main Coal. 


^^hale ... • . • 

• • • 

r 2 ' 

Sandstone 


2' 0' 

Sa, or Whm 


2* 0' 

Limestone or Whin 

* « • 

1' O' 

Sandstone 


Z 0' 

Whin 

. • . 

O' r 


S' r 

Note. — “ Whm ” m borer’s records denotes any hard 
stone, and in many cases can be shewn to be limestone. 

iM/ie Limestone Coals The coals underlying the Little 
I-imestone have been worked both by drifts and shafts 
along almost the whole line of outcrop in the district. The 
late Professor G.A. Lebour’s work on ‘ The Little 
Limestone and its Accomyianying Coal ’ leaves very little 
further to be said on these beds, and it has been con- 
sidered by the writers only necessary in this paper to give 
the following table of strata recorded by bonngs at 
different places in the distnct: — 


B. & s. 

119. 

B. & S. 260. 

Little Limest<Hie. 

Little Limestone. 

Sh 

O' 4' 

.Sa 12' (T 

COAL 

O' 6' 

Sh 12' 0' 

Sa 

O' O' 

24' or 

Sh 

3' 1' 

MAIN COAL 3' 8' 


Iff 4' 


UPPER COAL 

O' 3' 

2r S' 

Sh 

ff O' 


COAL 

O' 3' 

B. & S. 261. 

^)ha • • • • « • 

r 6' 

Little Limestone. 


10' S' 

Sa 46' r 

MAIN COAL 

. S' or 

MAIN COAL S' r 


49 ^ 3 ' 


84 ' 3 ' 
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B. & S. 286. 
Little Limestone 


Sh 

1' 6' 

Sa 

4' 6' 

Sh 

6' 0* 

— 

12' 0' 

UPPER COAL 

0' 4' 

Sh 

O' 3' 

Sa 

14' 3' 

Sh 

8' 9' 

— 

23' 3' 

MAIN COAL 

2' 7' 


38' 2" 


Grace Pit, Kirkheaton. 
Little Limestone 
Sa. ... 5' 0' 

Sh. - ... 3' 0' 

8 ' 0 ' 

UPPER COAL 0' Y 

Fireclay ... 3' 7' 

Sh. ... r O' 

Sa. ... 27' 4' 

37' 11' 

MAIN COAL 3' 8' 


50' 0' 


B. & S. 287. 

Little Limestone 

UPPER COAL 1' 0' 

Sh 4' O' 

Sa 5' O' 

Sh 1' 6' 

10 ' 6 ' 

MAIN COAL 3' 2* 


14' 8' 


B & S. 1249. 

Little Limestone 

Sh 7' 0' 

UPPER COAL 1' 0' 

.Sa .. .. 82' 7' 

Sh r 4' 

33' 11' 

MAIN ( OAL 2' O' 

44' .5' 


Fenwick Pit, No. 1. 
Little Limestone 


Sh 

Sa. 

• • 

... 1' 
... 19' 

0" 

0' 

Sh. 

* • * 

... 3' 

0' 


2=1' O' 

MAIN COAL 3' O' 


26' O' 


Fenwick Pit, No. 2. 
Little Limestone 

Sh 6' (T 

Sa 18' 0' 

21' O' 

MAIN COAL 2* 2* 

23' 2* 


Little Limestone. The coal seams* underlying tlie Little 
Limestone have given the limestone more prominenof 
it otherwise would have gamed. ‘The limestone is alway^ 
divided into two or more posts by beds of shale, that 
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rendering it comparatively u<k,less tor hme burning or road 
metal At Ingot however it has been worked to some extent 
The line of outcrop can be traced through most of the dis 
net only by tlit underlying coals Between Little Whitting 
ton and Fenwick surface deposits obscure the strike, and 
the position of the outcrop near Matfen is rather doubtful 
A borehole put down at Matfen Tilery reached the limestone 
through 171 f> of 'itrata Borings at Fenwick record the 
limestone as IP) /"No 1 Pit) and lib (No i PiO 
Further north in the Kirkluaton district the limestone 
vanes from 10 0 (B & S ^ 0) t .^0 (B & S 1249) 
B & S 119 shews clearly how tht limestone posts arc 
divided bv calcareous shaks this section is given as 
follows — 


Sa 

and Whin 

5 

0' 

Sa 

ind Sh 

3 

6" 

Limestonf 

1 

6 

Sa 


2 

2' 

[ IMESTONE 

4 

r 



16 

4" 


Shale Overlying the I ittle I iinestone is a thick 
lied of shale which in part of the district contains girdles of 
Ironstone and limestone These girdles are most prominent 
in the Corbndgc arei and are not present near Kirkheaton 
Bonngs through the Little Shale include the following — 


Matfen Tillery 


Pattinson's Sill 
Limestone 
Shale 
I imestone 
Shale 

B & S 119 

Pattinson’s Sill 
Dark grey metal with 
metalstone & iron- 
stone girdles 38 6"" 

Strong grey post 1 6* 

Little I imestone 


6 0 
6 0 ' 

0 6 " 

32 or 

Fenwick Pit No 1 

Pattinson’s Sill 
Brow n and Metal 
Stone with lime 
stone girdles 26 0^ 
I ittle I imestone 
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At the Grace Pit, Kirkheaton Colliery, the Little Shale ^ 
IS J2€ , at Fenwick No 2 Pit 2S0 at Boghall Colliery 
(B&S2')0) 

Patttnwns StU The massive gnl which forms Ingoe 
North Crag is equivalent to Pattinsons Sill of the Alston 
Mining District The terms Ingoe Gnt and Shaftoe Grit 
have been applied not only to this sill in itself but inclusive 
of other thick sandstones and grits lying higher in the 


senes 

B & S 119 

Strongish grey f)ost 1 0 

Strong whitish yellow post J 1 

Strong white grey post 1 O'' 

Yellowish brown post 4 U 

Grey post 6 6* 

Dark grey ix>st with thin beds of white post 18 0" 

Strong wmtish grey post 7 

I itflc Shale 


41 4 " 


Pattmsons Sill is thicker *^hdn this in the western portion 
of the distnct In a recent bf^nng at Dilston Bridge it was 
proved IJISO fhick hut this thickness i abnormal Borings 
near Fallowfield (outside the distnct) record it as about 
50 thick 

Pattinson and Vtrtufe Marine Bards Between Pattm- 
sons Sill and the next thick sandstone the Firestone Sill) 
above it, are alternating beds of thin sandstones and shales 
and occasionally a thin limestone This marine band re^tfe- 
ents a similar honxon to the Pattinson and Venture Manne 
Bands of N E Cumberland The strata of this section 
cannot be seen on the surface but is proved in borings It 
seems to occupy the gap at Ingoe between the North Crag 
and the line of crags just north from Sandvway Heads 
farmhouse Between Pattinsons Sill and the Firestone 
Sill we have the following — 

B & S 119 B & S 120 

Firestone Sill Firestone SlU * 

Sa and Whin 6 6* Shale V 0* 

Shale 2* 0*^ Sandstone 4' ^-0^ 
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Sandstone . . .. T 4' 

Sa. and Whm 0' 8' 

Shale ... . 0' 8' 


Limestone ... . 1 ir 

Sh. and Sa ... . o' 0' 

Coal 0' 9' 

Shale 2' 0' 


Pattinsons Sill Pattinsons Sill. 

A borehole \vest of Acoinb (outside the district) records 
Whin ** 2 7" immediately above Pattinsons Sill, and a 
borehole Irom the drift SW of Acomb shews a limestone 
2'G" at the same hon/on 

Ftreitone Sill This sandstone forms the hijfh ground 
east of Ingoe village on which the farmhouse of Sandy way 
Heads stands It is usually about 20' to 30' thick Milk 
Hill, north of Matfen is probably of this horizon B & S 
119 records the sill as 29'0'' thick, divided into two posts 
lO'O" and 17'4'' by 2'2" of shale 

Firestone Band and Oakwood Coal Above the Fire- 
stone Sill and between it and the Lower Oakwood limestone 
are shales, ironstone and thin coals which should include the 
Firestone Marine Band of N W Cumberland (a coal- 
calcareous horizon) No borings actually in the district 
pass through all this strata, but at Fallowfield the section 
in B & S 838 is as follows — 


Lower Oakwood Limestone. 

Sandstone and girdles ... 4' 6" 

Coal (Oakwood Seam) ... T 6" 
Sandstone ... ... 7' 2* 

Shale and Ironstone ... 26' 0" 
Sandstone ... ... 3' (T 

Shale 3' 6* 

Coal (Firestone Seam) ... O' 4' 

Shale 5' (T 

hOr (f 

Firestone Sill. 


The Oakwood or Clarewood Coal was at one time 
worked in several places in the district. It has sometimes 
been confused with the Little Limestone Coal. The coal 
varies from 9^to 18" and is usually separated from the 
Lower Oakwood limestone above it by a bed of blue shale 
4 ' to S' in thickness. Between Haltcm and Clarewood the 



coal was at one tunc workui from several drifts and shafts 
Sections here include the following — 


Pit W of footpath from Drift from the surface at 


Halton to the 

Romm 


Halton Colliery 



Station 



(B & S 2730) 



Surface Deposits 

24 

0 

1 IMk&TONE 

2 

0" 

Blue Shale 

7 

6 

Blue Shale 

0 

2 

Coal (Oakwood) 

1 

b 

(ire> Beds 

1 

or 




Blue Shilr 

8 

or 


n 

0 

LOAI (Oikwood) 

1 

4' 

\ deeper pit to the north 


12 

6’ 


of \orth Farm 


Surface Deposits 5 b 

Strata 42 5 

1 IMESTONE 2 2 

Grev Beds 5 0 

Blue Plate 3 0^ 

Fireclay ^ 10 

COAr (Oak wood) 1 


60 6 

The working from Halton Colliery extended about a 
mile and a half in a north easterly direction 

Lower Oakwood T imestont This lin estone though 
rarely more than J thick is a very constant bed It can be 
seen in the bed of the Fenwick Burn, south cast of 
Moralees This limestone is the Felltop of the Alston 
District 

Tows Bank Band Between the Lower and Middle 
Oakwood Limestones is a thickness of about 200 ft whidi 
IS made up by a thick shale a thin coal, and three massive 
sandstones divided by shales The sandstone forms the 
high ridge running across Stagshaw Common and Carr 
Hill it also forms the crag south east from Belsay Bams 
B & S 106 at this latter place shews the following section - 
Sandstone 5 3* 

Shale 12 (T 

Sandstone » 6 6* 

Coal (Tows Bank) 0 6' 

Sandstone 12 (T 

Shale 16 9^ 
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The complete section between the Lower and Middle 
Oak wood limestones is not she>vn in any boring in the 
district, but the recent boring at Dilston Bridge proves a 
section which is probably applicable to the whole district 


under consideration*- 

- 




UiLSTON Bridge. 


Borehole near Halton. 

Middle Oakwocxl L’st. 




Sandstone 

r 

0" 

Sandstone 

52' 0" 

Coal (Middle Oakw'd) 0' 

(>" 

Coal (Tows Bank) 

O'Q" 

SandstcHie 

34' 

3" 

Shale 

23' 9' 

Thin Sa’s. & Sh’s 

ir 

6' 

Sandstone 

S'lO" 

Sandstone 

58' 

2" 

Shale 

2' 0' 

Thin Sa’s. & Sh’s. 

12' 

1" 

Sandstone 

8' 8" 

Sandstone 

2r 

3' 



Shale and Coal (Tows 




93' 0" 

Bank) 

13' 

2" 

- 


Shale 

37' 

5" 



Sandst<M)e 

11' 

9" 



Shale 

2' 

4' 




211' 6' 




Lower Oakwood L*st, 

Mtddie Oakwood Limestone , — Another coal-calcareous, 
horizon. The limestone occurs on the surface in the bed 
of The stream between Wester Heugh and Fenwick. It 
seems to be represented in B.&.S.999 at Aydon Eastside 
by ‘ whin ' H8'(r below the l^ppcr Oakwood limestone. The 
underlying coal outcrops on Wallridge Moor and near 
Dean House. 

Upper Oakwood Limestone. About 70' of alternating 
sandstones and shales separate the Middle Oakwood and 
Upper Oakwood limestones. B.'J!:.S.999 at Aydon East- 
side records the limestone at a depth of and 4'0' 

thick. 

Cofbridge Coal. The coal which was at one time worked 
at Dean side and at Aydon White House lies above the 
Upper Oakwood limestone. The shaft section at Dean- 
side (B &.S 544) and a boring at Corbridge Pottery are 
as follows: — 
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DEANSIDE B. & S. 544. CORBRIDGE POTTERY. 

Corbndge Limestone. 


Sandstone 

4' or 

Fireclay 

•... 6' 0' 

Shale 

16' 0' 

Sandstone 

... 34' 6" 

Hard bluish rock 


Shale 

... 43' 0* 

Hard brown rock S'O"" 


Fireclay . . 

... 2' 0' 

Hard grit 4'0'' 


Shale 

... O' or 

Hard grit with lime- 
stone shells 4'0* 


t'OAL (Corbndge) 

... 1' 6' 

Shale 

Sandstone 

Ironstone & Shale 

(’oal 

Fireclay 

Shale 

Coal (Corbridge) ... 
Shale 

14' 0" 
5' 4" 
.1' 0" 
•T 0' 
0' .5" 
2’ 6" 
1' 4" 
r 5' 
4' 0' 


86' 9* 


55' 0' 

Near Belsay Burnside, B.&.S ll'i records the section 
above the Corbndge Coal thus: — 


Sandstone ... ... 26' 6' 

Shale 0' 6' 

5ia. and Whin ... 6' 0" 

Sh. and Whin ... 47' 0" 

Limestone ... ... 2' 6* 

.Shale 8' 0' 

Coal (Corbndge?) ... 1' 21" 

Shale 0' 4' 


92' 1' 

Corbridge Limestonf. This limestone has been exten- 
sively quarried for hme-buming on the outskirts of Cor- 
bndge — ^behind Croft House and at Deadridge. At the 
latter place it can be seen with a thick bed of sandstone 
overlying it; and a valuable bed of fireclay immediately 
below the limestone is so extensive that the Corfarid|^ 
Potteries for the manufacture of pipes and troughs ,from 
this clay have been a thriving industry for some oonflida)||i>< 
able time. The next outcrop of the limestone to the noitti^ 
east occurs at the east end of Aydon village where the 
tent of the old workings shews that the Hmdtilns heap 
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have been in use at an early date, at the present tune the 
quarries arc almost entirely overgrown Beyond Aydon the 
line of strike is interrupted by two or more faults The lime- 
stone has been worked at Aydon Eastside, near Grccn- 
leughton and at Kiphill Between here and Nesbit Kiln 
House the limestone lies under a thick deposit of boulder 
clay, but from Nesbit Kiln House to the River Pont the line 
of strike can be very easily traced by the course of old 
quarry workings At Hawkwell it has been so much quarned 
for limc-burn I ng that the limestone has been entirely re- 
moved from an area of over ten acres At one tunc Hawk- 
well lime was considered about the best produced in this 
part of the county North of the Pont the limestone out- 
crops at Mainsbank and Heugh, and can be seen in the bed 
of the Black Heddon Burn some distance above the bridge 
At Bygate and Belsay very extensive old workings can be 
seen. 

The Corbridge Limestone is charactensed in this dis- 
trict by the absence of corals such as distinguish the 
Thombrough and Harlow Hill limestones, and by the 
quantity of Buxtonia scabticulm (Mart) 

The beds between the Corbndgj and Thornbrough 
limestones cannot be seen in any stream section in the dis- 
trict, nor does any one boring rover the complete section. 
Taking the borings put down at Stob Hill and Richmond 
Hill, near Stamfordham, and supplemented by recent 
borings at Dilston Bndge and Craneshaugh (just outside 
the district) we can, however, obtain a fairly complete 
section : — 


Dilston Bridge. Craneshaugh. 


Sa 

r V 

^)a * .* ..* ... 

Iffll" 

Sh 

T r 

Sh, with 6* Coal ... 

hr 8" 

Sa. with Sh. bands 

10* fr 

^)a • and ^)h* . ■ * ... 

22* 3" 

Sh* with 6* Coal ••• 

46' 6* 

Sh, with 3* Coal and 


^la. .a. 

6' 0* 

Fireclay 

16' (T 

Sh. with 3* Coal ... 

Iff 6' 

Sa 

m m • ••• ••• 

27' 8' 

Sa 

Iff r 

T.IUESTONE 

or S' 

Sh* ... ... ... 

fficr 

• Sind iSh • • a • a a a 

inr 

Sa* •*• •*. ■*. 

ir r 

Sha aaa aaa aaa aaa 

16' (T 

Sh. 

4' 6* 

Corbridge L*sta 



Corteidge L^t- 
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Stob Hill. 

Thornbrougfh Limcj^tone. 

Sh 0' 3^ 

Sa 25' 9' 

Sh. with 4' Coal ... 12' 6' 


Richmond Hill, 


Sa . 


ir 0' 

Sh 


ir O' 

Sa. 


6' 0' 

Sh. . . 


12' O' 

l-imcstone 


2' 6' 

Sh 


3' O' 

Sri 


3' 6' 

Sh. 


10' O' 

.Sd. 


2' O' 

Sh. 


10' 0' 

Sd. 


1' O' 

Sh 


55' 0' 

Sa. . . 


16' 6' 

h ireclay 

■ • ... 

2' 3' 


The 39-inch limestone in the Richmond Hill boring has 
been seen outcropping between Ouston and Richmond Hill, 
and near Nesbit Hillhead, Further to the south-west a 
thin limestone of similar horizon apfx*ars in the bed of a 
small stream near Welt on The Geological Survey record 
It in Shildbnhill Plantation and in the road west of Shildon 
Hill. A thin limf^tone at this horizon outcrops in the bed 
of the S9Uth Tyne near Wydon*. A coal below the 
Thornbrough limestone has been seen on the surface at 
Crook Hill, near Thornbrough. 

The sandstone immediately below the Thornbrough* 
hinestone has been quarried for building material at Nesbit 
Hillhead and at Pike Hill, near Ouston. It forms thc^ 
eminence of Slate Hill, between Black Heddon and Bdsay, 
and at Shildon Hill can be seen as a coarse white grit IMT 
thick. Further south-west it forms Gallow Hill near 
Corbridge. 

Thornbrough Limestone. The Thornbrough limestone 
has been quarried for lime-buming at Thornbrough Kiln 
House, at Aydon South Quarry, and to the North of High 
Bams. A lead vein which appears in^ the limestone here 
was worked at an early period. An attempt to re-establish 
a lead mine in 1801 led to the discovery of numrrous old 
workings. A further unsuccessful attempt to work t&e 
lead was made in 18T2 by The Thornbrough Mining' 



148 


Company Bcbtde Newton FeU House the line of stnke 
IS intcmipted by the Newton-Shildon fault, which has a 
dov^nthrow to the west. From this |x>int to Whittledenc 
the line of outcrop is obscured by surface deposits of 
considerable thickness At Welton a borehole sunk for 
water failed to reach rock at a depth of 120ft North of 
the Whittledene reservoirs the outcrop can be seen m old 
workings at Nesbit The limestone outcrop crosses the river 
Pont at Heugh Mill, and has been quarried at High 
House, to the south of Bnxter Hill, and at Chapel House. 
At Robsheugh and Huntlaw il is still worked to some 
considerable extent From here the line of stnke is almost 
due north, past West Bitchfield and through Belsay South 
Park A boring at Stob Hill records of Thom- 

brough limestone 

The Thombrough limestone ami its accompanying 
shale beds contain Dibunophylhd and Zaphrentid corals 
in great numbers PuUula Punctata fMart) also usually 
present 

A basalt dyke has been recorded in the limestone at 
Thombrough® 

The beds between the Thombrough and Harlow Hill 
limestones were sunk through in a borehole put down at 
Stob Hill in 1880 — 


Harlow Hill Limestone 
Blue Post .. . O' 9^ 

White Post o r 

Grey Metal 1' S'' 

Grey Post .. .. 1' 8" 

White Post .. ... 4' r 

Black Metal (T 8" 

Gr^ Post 2' r 

Grey Metal 1' 3' 

Gr^ Post 4T1'' 

Black Metal S' 0" 

Very hard girdle ... O' 9" 

Grey Metal 1' 6' 

Whm girdle O' 7' 

Grey Post 2^ ST 


Blue metal wnth girdle T/ 9" 
Grey Post . ... 2' O' 

Blue metal and girdle 2' 
Blue Metal O' 8' 

White Post .. 2' 5' 

Blue metal bed ... 0' 5" 

Grev Post O' 6' 

Dark Wuc metal ... 4' 6' 

Dark metal with girdle 8' fi' 

White Post 0' 9' 

Blue Metal ... 24' ^ 


83 ' r 


Thombrough Limestone. 


Hallow Hitl Limestone, The outcrop of the Harlow Hill 
limestone apparently crosses the Tyne just above Styford 
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Hall It seenis to have been quarried at one time in the 
held north of Sty ford Hif^h Barns Crossing the Brock 
hole Bum near the Fivepound Well, the line of strike can 
be clearly seen in a senes of old quarries extending past 
Crossedge farmhouse to the road leading frenn Shildon to 
Newton On the east side of this road the limestone is still 
quarried for road metal After meeting the Shildon^ 
Newton fault the line of strike is further to the south, past 
Whittington Hill and Stellmg Hall At Harlow Hill the 
working of the limestone has left a wide deep trenefi round 
the west side of the hill which can be seen from a con- 
siderable distance it has also been quarried in the fidd 
south west of the village At Stob Hill a quarry with a 
face of 2ift is still worked and traces of a small lead vein 
have been seen From Stob Hill lo ( hresebum Grange the 
limcstone^has been almost worked out Limestone quarnes 
on the Cheesebum Grange estate were amongst the pro- 
perties registered bv Ralph Widdnngton in 1718 Under 
the mansion house of Cheesebum (irange tlie limestone has 
been met with in the laying o! drains The line of strike 
near the River Pont is affected bv a fault with a con- 
siderable downthrow to the south and the limestone next 
appiears m the bed of the river near Dalton Mill Northward 
the limestone appears in the Quarry Plantation at Milbum, 
and has been quamerl at East Bitchfield Bonngs near 
Belsay Bum in 1727 (B & S 122 121 & 124^ came on the 
limestone close to the surface 

The Harlow Hill limestone can be easily identified by 
the presence of a thick layer of T ithostrotion corals, which 
m tins district at least is invariably present Overlying 
the coral bed is a bed of Producius giganteus{^^rt\ 
P la/is^tmu\ and intermediate forms 

As al^ead^ stated the Harlow Hill limestone is the 
highest calcareous bed which can be traced continuously 
across the district and has been taken as the upper lunit 
of the sequence dealt with in this paper 

Two speamens, identified as Pleufonauidus modose^ 
cannatus fRoemer) bv Mr J Wilfnd Jackson, have been 
obtained from a fossihferous calcareous i^ale near St 3 rford 



Hail on the north bank of 1 yne, some two miles west from 
Bywell Bridge This shale was originally mapped by the 
Geological Survey as being above the Harlow HiU Lime- 
stone Later Labour and others suggested that the bed 
was equivalent to the Harlow Hill limestone, and this 
suggestion was adopted by the Survey after the revision of 
the district had been made between 1SS9 and Dr 

Stanley Smith considered the shale to be of the horizon of 
the Thombrough limestone The entire absence of 
gigantid product 1 and corals and the held tvideiict pre 
dude both these theories On the south side of the Tyne 
a calcareous shale in the March Burn near Dipton Foot has 
a similar assemblage of fossils to the shale at Styford and 
may be of the same horizon The Styford Shale is 
probably 80 to 100 feet above the Harlow Hill Limestone 
Two fragments referable to Pleuronauttlus nodose- 
cannaius have been found in the Harlow Hill Limestone at 
Crossedge and Stob Hill Associated with Pleuronautilus 
at the latter locality is a Solenochetlus^ probably S 
iaieKePiaium fde Kon) 

The species P nodoso cannaius was originally des- 
cribed by Roemer® and was redescribed by Armstrong^ as 
commg from * the Lipper Carboniferous Limestcme Series 
of Clvdesdale, to which group it would appear to be 
restricted * The localities given are Castlecary, Arden 
and Gamkirk — Upper E or Lower H Zone Foord and 
Cnck® state that Armstrong's speaes is undoubtedly the 
same as Roemers, and Foord* in describing a specimen 
from the Millstone Grit of Caton, Lancs , gives some of the 
assonated fauna as Pleuronauttlus armatus (Sow), 
Solenocketlus latiseptatum (de Kon), and Aciinoceras 
sulcatulum (McCov , the latter two of which are recorded 
from Arden Quarry, Clydesdale 

P nodoso cannaius has been obtained from the Edale 
Shales (Upper E Zone) of Derbyshire, above the Ma«n 
Limestone of Wenslevdale (probably base of E zone), 
from the Snebro Gill beds of Cumberland , and m 
the Caytan Gill Beds in Yorkshire (Lower R Zone) 

Down HtUs Lsmestone The problem of the honton of 
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the limestone evpofeed at Down Hills near Halton remaina 
to be solved Ihe htueslone at this place is at least 
15 ft thick and is very much brecciated, and otherwise 
shews considerable signs of disturbance The earlier 
geological survey identified the limestone as the “Little* \ 
but later editions refer to it as “a boulder of limestone “ 
Stanle\ Smith considering its relation to the limestone and 
coal proved in the coal workings and borehole m the fidd 
to the north pronounced the exposure to be “CcMfendge** 
Limestone^** At this lime however the existence of three 
Oakwood limestone had not been shewn, and Smith’s 
identification of the limestone in the ( lare Wood bonng 
with that normally occurring about h^ift below the Cor- 
bndge limestone, can now Ix^ shewn to be incorrect The 
fact that the coal worked at one time at Halton Shields lies 
below the thin limestone of the boring seems to preclude 
Down Hills from being 1 ittle I imcstone, but at the present 
lime the venters of this paper are not prepared to offer any 
nearer solution 

Palaeontology — During the time that the writers 
have been investigating the problems <letai]ed in this paper 
and for^me years previousK tht} have acquired over one 
thousancT specimens of fossils and it is hoped to publish 
lists of these at some later date 


Record of 


APPENDIX 
Schedule of Borings Sinking^) and Sections 


Borings and Sinkings — Norfii of England Institute of 
Mining and Mechanical Engineers 


108 

104 


106 


10 ? 

106 


114 

118 

119 


Belsay Barns Colhcrv 

Bored in t.allcv Burn in the S i comer of the mea^w 
near a place where a trial wa** made for coal in Bitchneid 
Estate—^d October, 17/7 

To the southward from Belsav Bams about 1500 yar« and 
West from the Road — ^llth Mav 1768 Lat 55 5^ 88^ 
Long 1 54 45'' ^ ^ 

In the south cast part of Lcaguet Field to the east xrom 
Belsay MiU-Tune. 1758 ^ 

In the Leaguer Field, near Davie •^♦Mill, near an old mill- 
stead, and north from rivulet in Hewitt's ground — Dec » 
1752 

In the old pit at Belsay Bams— 9th Sept , 1771 

Beliay At the Craggs near the^ Burnside ^ ^ 

Near Belsay Bams and l-milc N F from Boghall Colliery 
Lat 55r88* Long 1 SfT Sr 



190 About 360 yardb F ast from tht I ngine at Belsay Barns Lat 
65 3 I ong 1 56 U* 

125 Near Belsay Barns, about half ay between an old pit and 
the Barns 'tnd A\est side of load lat 66 6 4fr Long 
1 66 S3 

260 Section of working pit at Boghall 1868 Lat 66 o 58 Long 

1 66 26* 

261 Section of old Kngine Pit at Boghall Lat 60 6 30 Long 

1 66 48 

286 Boring at Brand\hall near Blythesidc ITS'* I it 66 6 16* 

Long 1 66 9 

287 Brandtvball 240 vards Vlest from No 286 Lat 55 6 14 

Long 1 66 20 

288 Brandyhall 100 yards South from No 28" 

124S Kirkheaton About 60 vard^ We^t from Boghall Lat 65 

5 49* Long 1 56 16* 

1247 Kirkheaton At Blythesidc about 100 \ard5 Fast from the 
ford Lat 66 6 8* Long 1 66 42* 

1249 Section at Kirkheaton Collierv 

644 Lorbndgc Section of pit at Dean^idc 1867 I at >4 60 18* 
Long 2 O' 28* 

8.18 FallowfiPld Sectioa of strata from iht Little Limestone 
887 Fallowfield Section of HaHwa> Pit Lat 66 0 9* Long 

2 6 46* 

838 FaUowfield Lat 66 0 36* Long 2 6 21* 

909 Aydon Eastside About 460 vard*t N \V from White House 
—1767 Lat 66 (/ 9* Long 1 5ft 46 

Report on the Carboniferous Limestone Formation and its Coal 
Rewurces N of F Min \ Mtrb I'lig 1912 — 

Grace Pit Kirkheaton btnuick Pit No 1 

Matfcn Tilery Bonng Ftnnick Pit No 2 

Borehole near Halton Corbndge Potterv 

By permission of Mr Bates of the Micklev Coal Company 
Bonng at Dilston Badge Bonng at Craneshaugh 

Cheeseburn Grange Fstate Papers 

Bonng in Stob Hill Quarry — June 1880 

Bonng at Richmond Hill bv Tno^ Laws — May 1007 
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ITrotter and Hollingsworth. Summary of Ptogrtst of tko Oeologteal 
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p 100 

Nummary of Progress^ 1026, p 102 
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XIV, ff 8 a c 

^Armatnmg. Trans Geol Soc Glasgow, 1806. Vol II, p 74. pi I, 

•Foo^d & Cnck Cal Foss cfl Bnt Mus , 1801. Pt II, p 180 
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NOTE ON HIGH TEMPERATURE PRODUCTS OF 
IRON WITH HYDROGEN SULPHIDE, CARBON 

DISUI PHIDF AND HYDROGEN SFLENIDE 

By J B Peel M Sc Ph D AIL and 
P L ROBIN'^ON D Sc F I L 

Hydrogen Sulphide Pure iron was heated to 1000" m 
pure dry hydrogen sulphide the reaction began about 360", 
but was slow below 900") and the product cooled in nitrogen 
giving a silver white cry^^lalline material permanent in 
air, and with sufficient sulphiding non magnetic It re* 
acted extremely slowly with hydrochloric acid displaced 
neither metal from solutions of copper sulphate or bismuth 
nitrate, and ^analyses indicate that its composition was ex 
actly FeS The density was 4 030 as compared with 4 6T 
usually given for ferrous sulphide There was obviously a 
xnetamorphic change m cooling as the mass fell to a powder 
at the touch but no thermal arrest was found below 
150®, whertos in agreement with others matepal contain- 
ing traces tjf free iron was found to have an arrest at 1 38*^ 
and commercial ferrous sulphide one at 128" Ferroofr 
sulphide is usually regarded as stable when heated in 
hydrogen hut with this material reduction began much 
below and was appreaable at 800" (For previous literature 
see * A Text book of Inorganic Chemistry” Vol IX Pt 
2, by J Newtixi Friend'^ 

Carbon disulphide — Fhe expenment by whidi Gautier 
and Hallc^ieau' claimed to have prepared a subsulphide of 
iron Fe 4 S« by the action of carbon disulphide on metallic 
iron at ISOO* was repeated at 1000* At this temperature 
the product partially fused and on cooling left a brittle, 
greyish-white crystalline mass containing s<xne free carbon 
from the greater part of which the stdpljide could be s^^ar- 
ated mechanically It differed freun fhe matenal 4*Bcnbed 
above in bemg almost completely magnetic and slt||lilly 
▼anable m composition the mean of a number of eamlywm 
Kivmg Fe 670, S 338%, c or re sp onding most doM|y in 



Fe,S* It IS believed that thcs^t diiierences were not due to 
the presence oi a sub sulphide but rather to incompleteness 
of the reactun magnetic material of similar order of com 
jiositinn having been obtained m the expenments with 
hydrogen sulphide ulen the time allowed for conversion 
was insufficient 

The vapour issuing from the furnaa proved on con 
densation to be unchanged carbon disulphide 

(With C I Mavin ) 

Hydrogen selemde — Selenides have been prepared pre 
viously by heating selenium and iron filings* but not by 
heating ircm in hydrogen selcnide This latter reaction at 
700 gave a fused prorluct which on coolmg was a silver 
while crystalline magnetic substance with a density of 
6^11 acquiring a grev appearance in air and liberating 
hydrogen selenide with concentrated hydrocblonc only 
when metallic iron or a snr ilar metal was present Analyses 
show that the product varied in composition and was 
about \7 richer in selenium than ferrous selenide This 
retention of selenium by the ferrous selenide was 
different from the behaviour of the sulphide and was 
possibly due to the lesser volatility of selenium 

Rfferenci-s 

iGautier and Hallopeau C omft rend 1889 Vol 108 p 806 
•Divert and Shirnidiz Jour Chem Soc 1886 Vol 47 p 448 
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A CRITICAI EXAMINAIION OF CHANCEL'S 
MF THOD FOR THE St PxXRATlON OF IRON AND 
AI UMINIUM 

By P I 1 i (()CK Robinson, D Sc F I C , and 
W E Scott M Sc 

The gravimetric separation ol iron and aluminium is 
difficult by reason of the siinilanty in the properties of the 
two tervalenl ions and the fact th\l tin precipitates given 
by these are invariably ot the lvi>e which readily absorb 
soluble material at the moment of formation and tend to 
retain it during the washing process The method under 
consideration was first suggested hy Chancel* although an 
identical procedure is ascribed to Bunsen' by Parnell* and 
depends es^ntially on the reaction 

2A1CI, + lNa,S ,03 + JH,0 2Al(OH), + 6NaCI 

+ ISO, + iS 

Since ferrous hjdroxide is a relatively strong base ferrous 
salts are not hvdrolysed under the conditions employed 
and thus neither this conifiound nor basic salts arc pre 
cipitated No figures indicating the accuracy of the 
method are given in the original paper but the later 
communication states that the whole of the alun^ma 
IS thrown down after 10 — 15 minutes *>oiIing Contrary 
to this, Stead*, found that the method gave low results 
for aluminium even after boiling for 10 minutes and 
recommends the addition of sodium phosphate, giving in 
support the results obtained on 10 gm of pure iron with 
0 004% of aluminium (Table I) 

TABLF I 

With phosphate 10 0 128 + 6 2 

Without phosphate 10 0 051 - 58 3 

Without phosphate 120 0121 +16 

Carnot* appears to have arrived mdcpcndently at list 
view of Stead, and certain subsequent workers have added 
other prrripitants along with *hc thiosulphate, but since die 
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present investigation deals with the use of thiosulphate 
alone, it is only necessary to mention this here The sole 
evidence on the conditions necessary for the complete pre- 
cipitation of the aluminium, that of Parnell (loc cit ) and 
Stead (loc cit ) is contradictory, and it was with a view to 
establishing the accuracy of this convenient separation, 
doubts upon which have recently been expressed*, and the 
optimum conditions, that this work was undertaken It has 
resulted in showing that there is an uncertainty in the 
alumina found of the order of 2” of the amount present, 
and that to obtain evtn thi-* accuracy, jicnods of boiling, 
considerably longer than is normally convenient, are 
necessary 

METHOD AND MANIPUI ATION 

Standard solulicms of iron and aluminium were care- 
fiil^v made using ferrous aninionium sulphate and pure 
aluingiium foil respectively The^ were pipetted into 
■'takers of 1 litre capacity where a dilute solution of sodium 
carbonate was added in quantity just insufficient to pro 
duoe a precipitate The solution was diluted to about (>00 
CCS with water and a weighed quantity of sodium thio 
sulphate, dissolved in water, was added These quantities 
were varied in the several experiments 

The solution was then raised to boiling and maintained 
thus for periods varying from 2 5 — 10 hours At the com- 
mencement of heating the evolution of sulphur dioxide 
could be detected with dichromate paper but in less than 
30 minutes this test failed to give a positive result, although 
a sulphurous smell, characteristic of hot water carrying sus- 
pended sulphur was observable during the whole course of 
this operation The precipitate thrown down consists of 
a mixture of aluminium hydroxide and sulphur and is quite 
unlike the voluminous, gelatinous hvdroxide normally 
obtained, being similar m character to the magnesium 
ammonium phosphate prrapitate and tending, like it, to 
adhere to any part of the surface of the beaker which has 
been scratdied in the course of preapitation It was ro* 
peatedly washed with water by decantation and on the 
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paptr and was transferred to a tared crucible wherein it was 
first dried, then gently heated until tlie sulphur was volat 
ilised, and finally ignited to constant weight in a mulFle 
furnace The ignited alumina showed the hygroscopic 
properties observed by other expiermienters it contained 
small quantities of sodium sulphate, which varied in amount 
with the thiosulphate used, but only negligible traces of 
iron 

The iron remaining in the filtrate after the separation 
of the aluminium was estimated by decomposing the excess 
of thiosulphate with hydrochloric acid boilmg until the 
liberated sulphur was coagulated completely oxidising the 
iron and precipitating it as feme hydroxide This was 
filtered off along with the sulphur burnt off and weighed 
as ferric oxide 

An examination of the results, which are summarised 
in Tabic If, in regard to concordance makes it evident that 
differences within the individual groups are due, at least m 
part, to variations in the rates of evaporation of the liquids 
by boiling actually it was possible to forecast, from the 
appearance of the boiling liquids, which estimation in a 
group wguld give the highest result The most concordant 
results afe those in Group K in which the rates of boiling 
were maintained as far as possible the same The erratic 
results of Group D are probably due lo a deficiency of 
thiosulphate, the minimum quantity necessary appearing 
to he between 5 4 and 7 7 grams per 0 2 grams of aluminium 
With identical quantities of thiosulphate an extension in 
the boiling period by J-hour resulted in an increase of 4 7%, 
by 1 hours of 7 07, and by 7^ hours of 15 57 m the separ- 
ation of the alumina, and this main conclusion, that the 
amount separated increases with longer boiling, being in- 
complete under 10 hours, is borne out by the results of all 
groups The exclusion of iron in groups H and I indicates 
that this material has no effect on the degree of separation 
of aluminium obtained 

The separation allows of a satisfactory recovery of 
iron bv preiipitation as hydroxide 
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THE NATURE OF INTELLIGENCE. 

By Godfrey H. Thomson, d.sc., ph.d. 

The greater part of this address dealt with a controversial 
matter which I would rather not write at length upon with- 
out more leisure in which to choose words with care. It 
can, however, be outlined in a few sentences. Professor 
Spearman noted many years ago that the correlations 
between mental tests show a relationship which is nowa- 
days described by saying that the tetrad difference tends 
to be zero. That is to say, in the correlations r of four tests 

*I *4 
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r» 

X4 

ri4 

ru 


the tetrad difference 

*"13 •’ai — *’m r» = o 

or in actual experiment tends to be grouped round zero. 
Professor Spearman explains this by the hypothesis that 
each activity is performed by a " general intelligence ” g, 
common to all activities, and a “ specific factor ” s, unique 
to that activity alone. It is easy to show that this is a 
possible explanation, and Professor Spearman and his 
disciples have made it the inspiration of a great deal of 
extremely valuable work. Disliking, however, the creation 
of entities like " g ” I have preferred to assume only that 
each mental activity is a sample of a large number of factors 
(whether inherited or acquired) — ^that the reason we are 
successful in a test flows from a large number of items in 
our heredity and in our experience. * On this theory, too, 
the tetrad differences will be grouped about zero. 

Such is a bald and incomplete outline of two theories 
which possibly are only different ways of looking at the 
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matter. My own attitude may perhaps be summed up by 
saying that I do not object to Professor Spearman’s theory 
as a convenient description, but think it dangerous as a 
causal explanation In my opinion the phenomenon is the 
same sort of thing as the simpler phenomenon of the 
*' normal,” Gaussian or Laplace distribution of many 
measures of a physical quantity 

I would rather turn to a non-controversial matter on 
which I touched in the last quarter of my address. It is 
not original, but the particular treatment here given is 



” elegant ” and not, 1 think, easily accessible anywhere in 
one place ; and I add an illustrative example using my own 
device of a ” structure diagram.” 

The problem is to find a team of tests which will 
correlate highly with some given criterion. Let be the 
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criterion and x, x, X4 . . . the scores in the tests. The first 
member of this team one chooses, naturally, because the 
correlation r„ is high. Each later member of the team is 
chosen because its correlation with the criterion is high, 
and Its correlation with the pre-existing team low (when it 
IS added) or vtce versa, because its correlation with the 
criterion is low and with the team high (when it is sub- 
tracted). The best weights have then to be found for the 
scores of the tests — to give the best correlation with 
These weights, formerly obtained by a cumbersome calcula- 
tion of partial correlations, we nowadays calculate from the 
determinant 

1 Ti* Tw ri4 

rij 1 r« rj, 

ri. r„ 1 r« 

ri4 tm Fm 1 


They are, relatively to one another. 



irt iTg V4 

where the <r's are the standard deviations of the 
corresponding x’s. The correlation of the weighted team 
With the criterion is then 





To illustrate this process consider the following structure- 
diagram : 

Each of the four variables is represented by a closed 
curve. The curves overlap so as to show i space comfiion 
to all, 4 spaces each common to three, 6 spaces common 
to two variables, 4 specific spaces, and 1 outer darkniss 
(the binomial co-eificients i, 4, 6, 4, 1). Some of the i^mcfs 
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are blank, but some contain factors which assist the 
“ mental tests ’’ in question (x, x, or xj. Thus there 
is one factor which helps all foar, and seven which help 
both X, and x^, etc. 


The correlations of four such variables can be 
lalculated by the formula 

Common factors 


r = 

Geom. mean of the two totals. 


and to one decimal place only (to save arithmetic) they are 
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Now treat X| as the criterion and x„ x,, X4 as the scores 
in three mental tests, forming a team to correlate with 
(or measure as well as possible) that criterion. What are 
the best weights? By the above explained process they 
are found to be (supposing the standard deviations to have 
' been equalized as is usual) 

•37 x* + -3i x.--a3 V 
Very approximately this is 

x, + x,-x, 

and by examining the structure diagram we can see that 
this is plausible. For x, measures 8+1 factors within 
the criterion, but also unfortunately 4 unwanted factors 
outside. Xf measures 5 + 1 factors within the criterion, 
but also 7 unwanted factors outside. The i central factor 
has now alas been measured twice. Luckily, however, 
subtracting x, removes one of these, and removes also 
those 4 and those 7 extraneous factors which are not in 
the criterion. The team X4 therefore measures 
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nothing outvotth the criterion (as we say in Scotland) and 
measures once most of the factors forming the criterion, 
though unfortunately 2 are taken negatively, which 
prevents the correlation from being perfect. With the 
best weights that team correlation is 

R =V 1 — ~ = '76 

^ A„ 

By means such as these teams of tests can be built up 
to correlate with any independent critenon of intelligence 
(such as the teacher’s) or, for vocational guidanee, with 
criteria of success in a trade. 
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THE IDENTITY AND GEOLOGICAL HORIZON 
OF THE COAL SEAM EXPOSED IN THE 
EARLY AUTUMN OF 1930 ON THE FORE- 
SHORE AT SEATON SLUICE, NORTHUMBER- 
LAND,^ 

By William Hopkins, m.sc., ph.d., f.g.s. 

A considerable amount of local interest was aroused 
in the early autumn of 1930 by the discovery of an out- 
crop of coal on the foreshore to the north of Seaton Sluice. 
The seam apparently was laid bare by the scouring action 
of the tides removing the covering of sands. At favour- 
able times, the seam can be seen on the foreshore opposite 
the junction of the roads from Blyth, Seaton Sluice, and 
Seaton Delaval Hall. The aim of this communication is 
to place on record the identity and geological horizon of 
the seam. 

In 1926, Or. Absalom and I communicated a paper 
to this society dealing with the Geological Relations of 
the coast sections between Tynemouth and Seaton Sluice 
(loc. cit.). In this paper, the correlation of the seams 
outcropping in these coast sections is given with reference 
to their respiective equivalents occurring in the collieries of 
the coalfield. We stated that the Yard seam outcrops 
under the dunes to the north of Seaton Sluice (p. 144). 

There can be no doubt from the evidence put forward 
in the 1926 paper, that the newly discovered outcrop of 
coal is the Yard seam. This conclusion is deduced from 
the following sources of evidence : 

(a) The geological horizons of the strata in Collyweil 
Bay, particularly that of the Seaton Sluice Point 
Sandstone at the extreme north end. 

^ An appendix to the paper on Geological BriatioDie of the Coast 
Sections bHween Tynemonth and Seaton Sluice.'* Abealom and 
Hopkins. Vmkv, uwth. PM. Soe., VZI, p. 141. rpeO. 
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(b) The lithological characters of the recently exposed 

outcrops together with their general strike and dip. 

(c) The records of boreholes put down near Seaton 

Sluice as follows : 

(1) On the links between Gloucester Lodge Farm 
and the Astley Arms Inn in i8go on the 
Seaton Sluice-Blyth coast road; 

(2) on the links at the junction of the roads from 

Blyth, Seaton Sluice and Seaton Delaval Hall 
in 1891 ; and 

(3) at Seaton Lodge, Seaton Sluice, in i8gi. 

(d) The records of colliery sinkings at Hartley and 

Newsham. 

Details of the boreholes mentioned above appear in 
the Supplementary Volume of Borings and Sinkings of 
Northumberland and Durham, published by the North of 
England Institute of Mining and Mechanical Engineers. 
The reference numbers are 2739, 2740 and 2741. The 
positions of the recently exposed outcrops, the sites of 
the boreholes and other relevant matter are shown in the 
accompanying map. 

Collymell Bay. 

The north and south ends ot Collywell Bay are 
composed respectively of the Seaton Sluice and Crag 
Point Sandstones. Dr. Absalom and I have given reasons 
for regarding these sandstones as equivalent. They form 
the greater part of the strata between the Yard and 
Bensham seams in these coastal districts. The Bensham 
seam can be seen underlying the Crag Point Sandstone 
to the south of the Crag Point Fault. The Yard seam 
is exposed in Collywell Bay overlying shales which succeed 
the Crag Point Sandstone. It has, however, been cindered 
by the Collywell Dyke. 

At the north end of the bay, the prominent Seaton 
Sluice Point Sandstone is exposed. It is at least 50 feet 
thick and at the extreme north end, t.e. at a distance of 
250 to 300 yards from the recently exposed coal seam ; the 



289 


beds strike West of North (magnetic) and dip gently 
at an angle of 2-5^ in a direction 5^ South of West 
(magnetic). Since the magnetic declination is approxi- 
mately 13^ West, then the corrected true readings for 
these beds are as follow : strike 18^ West of North and dip 
in a direction 18^ South of West. To the south, the 
sandstone is faulted by the Seaton Sluice Fault against 
strata associated with the High Main seam. The 70 
Fathom Sandstone Senes overlies the High Main strata 
and extends to the Collywell Fault some 20 yards north 
of the Collywell Dyke. In our 1926 paper we give a 
map and sections illustrating these points. 

The Recently Exposed Outcrops, 

I have seen two outcrops exposed. The larger one 
occurs on the foreshore at a distance of 220 yards from 
the junction of the roads from Blyth, Seaton Sluice and 
Seaton Delaval Hall. It can be approached by walking 
along the cart track from the junction of the roads through 
the cutting in the dunes. It is also some 250-300 yards 
from the point where the Seaton Sluice Point Sandstone 
dips under the foreshore. 

The outcrop is some 30 yards long. The succession 
of strata exposed is as follows : 

Blue sandy shales . 4 inches. 

Sandstone . . .3 feet. 

Blue shales . . .2 feet. 

Coal .... 2 feet 10 inches. 

The coal can only be seen when the scouring action ot 
the tides is strongly marked. The most southerly point 
of the outcrop is some 50 yards from the sandhills. The 
beds are striking lo® West of North (magnetic) in the 
direction of Blyth lighthouse, i.c. 23° West of North 
(true), and have a gentle dip of 5® in a direction 10® South 
of West (magnetic), i.e, 23® Soutb of West (true). These 
directions then, correspond approximately with the strike 
and dip directions of the most northerly exposure of the 
Seaton Sluice Point Sandstone some 250-300 yards further 
south. 
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There can be no doubt that the recently exposed beds 
under consideration conformably succeed the Seaton Sluice 
Point Sandstone senes. The higher part of the Seaton 
Sluice Point Sandstone series, which probably includes 
some more beds of sandstone and a little shale, is not 
visible owing to the covering of sands. The thickness 
of this hidden part of the succession cannot be more than 
from 15 to 20 feet. The seam recently exposed on the 
foreshore must therefore be the Yard if the correlation of 
the Seaton Sluice Point Sandstone is correct, as it is 
believed to be. 

The second exposure occurs some 1 10 yards higher up 
the coast from the first one, and some 30 yards from the 
sandhills. The beds exposed are made of sandstone and 
show pronounced rectangular jointing. They are striking 
roughly North and South (magnetic) and have a dip of 
4^ in a Westerly (magnetic) direction. It would appear 
that this sandstone is simply an upward continuation of 
the succession at the first exposure. The intervening 
ground is covered with sand. 

Evidence of Boreholes and Colliery Sinkings in the 

Neighbourhood. 

Further, the sandstones and shales overlying the 
recently exposed seam can be correlated with those 
record^ above the Yard seam in the boreholes mentioned 
previously. There can be no doubt that the seam recorded 
in the three boreholes is the Yard. This can be shown 
by comparing the vertical sections with those of colliery 
sinkings in the neighbourhood, as for example at Hartley 
and Newsham. Dr. Absalom and I have illustrated the 
correlation of these seams in the figure of plotted vertical 
sections in our 1926 paper. 

The following records are of the depdis of the Yard 
team below sea-level in each of tfie three boreholes, 
together with the lithological character of the relevant 
Strata above the Yard seam. 
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Borehole I. On the links between Gloucester Lodge Farm 
and the Astley Arms. 

Depth of Yard seam below sea-level . c)^ feet 6 inches. 

Sandstone .28 feet 8 inches. 

Shale 3 feet. 

Yard scam 2 feet 6 inches. 

This borehole is the farthest from the recently exposed 
seam. 


Borehole 3- At Seaton l^odge, Seaton Sluice. 

Depth of Yard seam below sea-level 14 feet H inches. 

Sandstone . . -13 fc^et 6 inches. 

Sliale • . .5 feet. 

Yard seam 2 feet 8 inches. 

This borehole is some 640 yards from the recently exposed 
scam. It IS on the south side of the vSeaton vSluice fault. 
On the coast, the 1926 paper gives this fault as having 
a down-throw' to the south of 180 feet. The fault, how- 
ever, dies out very rajiidlx inland and probably has only 
a small throw, if any, to tlie north ot the borehole. 

Boreholf 2. On the links at the junction of the roads 
from Blyth, Seaton Sluice and Seaton Delaval Hall. 

Depth of Yard seam below sea-level 15 feet 8 inches. 

Sandstone 18 feet 6 inches. 

Shale . . - • ■ 3 feet. 

Yard seam 2 feet 8 inclies. 

This borehole can only be about 200 yards jrom the 
recently exposed coal seam. 

Further, at Hartley Mill sinking on the south side of 
the Collywell P'ault, the Yard seam is overlain by shale 
and sandstone as follows ; 

Sandstone . . .22 feet 2 inches. 

Shale .... 3 feet 6 inches. 

Yard seam ... 3 feet 4 inches. 
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Again, at \twshim Hinnah Ccllnry ihout one mile 
south-\west of \ modified succession prevails as 

follows 

Sandstone 7 ftct 

aid scim 2 f ct ir inclus 

I lie shale ovLrl)ing the s ini his ippinndv pissed 
lattrilly into sindsionc Indeed it would ippcar that 
in the coast il distiicis undci conside r ition the \ ird seim 
iso\(rl un hv thin sh I* s succeeded in turn bv 1 prominent 
sandstone It follows therefore tli it tl ( r entl\ exposed 
eoai seam is iht Yard t c the se un succeeding the St iton 
Sluice I’oint md Crag Point Sindstone stii 

Conclusion 

From the cMdtnie gi\en tiurt c in be no doubt ih u 
the rtcentlv exposed coil sc im is the \ aid se im of Nortli 
umberlind ie the M un t il of Durliim I lu same 
seim cm be setn in Cf lit well H iv wlicie it has been 
cindered by the Colhwell J^vkc It t in ilso bt sten neir 
tlif top of the i IifTs It Shupntss Point it the south end 
of the I ong Sands fynemoiiih It also oulciops m the 
cliffs to the north of the Permian exposures it Cullen oats 
but unforlun iteh is not visible owing to tlit cliffs lieing 
walled up at th it point 
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THE GENERATION OF ELECTRIC CURRENTS 
BY WATER MOVING IN A MAGNETIC FIELD 
By H. C. Reonart, m.sc., f.z.s. 

Within a few days of Faraday’s discovery of the principle 
of magneto electric induction he perceived that there 
should be an electric movement in water in motion across 
the earth’s magnetic field similar to that which he had 
found in wires. The two attempts he made to observe this 
both failed, though over the latter of them made in the 
Thames at Waterloo Bridge, he spent three days with 
every variant in the search that his fertile brain could 
suggest. Bence Jones mentions in his Ltfe of Faraday 
that some supporting evidence had been obtained later 
for Faraday’s view when submarine cables were laid, but 
the direct quantitative confirmation of the presence of 
electric currents caused by water moving in a magnetic 
field does not seem to have been attempted since Faraday’s 
time. 

Magneto electric induction is probably the best known 
action in nature, and it might well be thought that the 
direct observation of the phenomenon in moving water was 
superfluous, but for the purpose of emphasizing the 
suggestion that such electric currents might play some 
part in deep sea, and possibly in shore life, the following 
experiments were made, the first result of which was to 
show why Faraday failed. 

The electro motive force in a perfect conductor of 
electricity moving with velocity V in a magnetic field of 
intensity B lines per sq. cm. is e = Bv/io* volts per 
centimetre length at right angles to the direction of the 
field. When the moving medium in a perfect insulator 
of dielectric constant k, the voltage is modified by the 
polarization of the medium, and is e (1 — i). Sea water 
is a conducting dielectric, and the exact voltage ties 
between these, but since k for water is about 8o for steady 
fields and at low frequencies the term is negligibly 
small, and has not been included in the followii^ 
con^derations. 
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The first observations were made across the mouth of 
Cullercoats Harbour. Two large plates of rustless steel, 
to which insulated cables were attached, were immersed at 
the opposite pierheads 140 yards apart, and the wires taken 
to a Cambridge and Paul unipivot galvanometer on one of 
them. The time chosen was near low tide when the depth 
was not more than a few feet, and the water swung to 
and fro as waves surged into the harbour and receded. 
There were two observers, Mr. Thompson and myself; 
one indicated the movement of water, shown by floats, the 
other that of the galvanometer needle. Each wave enter* 
ing the harbour drove the galvanometer needle firmly to 
one side, each movement of ebb to the other. Every 
slight change of velocity, such as that of the crest riding 
in over the underlying water, showed in the movement of 
the needle. The movements were in perfect synchronism, 
and the magnitude of the effect was of the right order, 
tnough since all the water between the piers does not 
move at the same speed the effect did not lend itself to 
quantitative determination. 

One interesting fact was found bearing on the current 
views of the direction of the earth's magnetic field. The 
direction of the electromotive force was such that a wave 
entering the harbour made the plate at the north pier 
» behave as the negative pole of the cell of which the sea 
formed the working liqiuid. The current flowed from 
the north to the south pier through the sea, the harbour 
facing east. This proves that the earth’s magnetic field 
there pointed downwards so that the so-called North pole 
of the earth is really the entering or South pole of an 
electromagnet. This is, of course, well known, but the 
observation is an interesting natural confirmation of it. 
While the harbour is filling there is an electric current 
across it from north to south, during ebb in the reverse 
direction. 

These trials were made in the winter under some 
difficulties of weather and exposure. The plates were 
therefore removed and placed in opposite sides of the 
stream in Jesmond Dene, and here the first of the disturb- 
ing factors subsequently encountered became evident, and 
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the reason for Faraday’s difficulties in a steadily flowing 
stream became apparent. This was the difference between 
the polarization voltage of metal surfaces however care* 
fully treated, cleaned, galvanized or platinized, when 
immersed in moving water containing air in solution. It 
was impossible to find close numerical agreement between 
the rate of movement of the water and the electromotive 
force. The polarization e.m.f. was too large and variable, 
and the flow not sufficiently uniform over the section of 
the stream to insure the same distribution at each plate. 
It was therefore decided to work indoors and to proceed 
by using a rapid controlled stream of water in a narrow 
channel rather than a wider and more sluggish stream in 
the weak field of the earth. In the end a glass tube 
centimetres bore was placed between the poles of a 
powerful electromagnet and fitted with exploring strips of 
metal at opposite sides of the tube at right angles to the field. 
The intensity of the field was measured by the relative 
change of resistance of a bismuth spiral, and the velocity 
of flow of the water by its discharge into a measuring 
tank, the supply being the water mains of the building. 
The latter was not altogether satisfactory; the pressure 
varied during the day according to other demands upon it, 
the temperature was liable to slow changes of several 
degrees, and the air content varied. The polarization eff 
the platinum wires eventually used as exploring poles 
could not be controlled after the water flow was started. 
It could be reduced to zero or even reversed by swabbing 
the tube before starting to remove the surface films of 
air, but in the end the measurements were made by allow- 
ing the polarization voltage to float balanced on a large 
Crompton potentiometer, and observing, when this was for 
the time steady, the change of voltage produced by making 
or breaking the magnetic field. The influence of the 
length of the exploring poles was examined fully by cutting 
an air gap across the rim of a .large ring electro* 
magnet, which had been wound for another purpose, so 
that a gap 2-25 cms. wide, 5 cms. deep, and 38 cms. long 
was obtained in which a flux density up to 4000 lines per 
square centimetre could be maintained. It may be said 
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here that reducing the length of the tube to a few centi- 
metres had little or no influence on the observed voltage 
which should theoretically depend only upon the distance 
of the wires apart. These were held taut by tension on 
opposite sides of the bore. The average clearance between 
them was i -3 cms. The object in making this experiment 
with a long tube was to And whether the observed voltage 
depended at all upon the collection of charge on the wires, 
for in a rapid stream of water the establishment of a steady 
state of charge on the wires due to the induced voltage 
might not have been possible with short electrodes far 
apart as in Faraday’s experiments and those at Cullercoats. 
This does not appear to be the case. 

The observations were made by varying the speed of 
the water keeping the magnetic field constant or by vary- 
ing the field with constant water flow. Electrodes of iron, 
brass, rustless steel, chrome plated steel, and platinum 
were tried, witli little difference in the polarization due to 
contact with the rapidly moving water, and no influence 
on the voltage generated. The details of typical observa- 
tions are as follows : 

/. Constant magnetic field with varying water flow, 

H 

Resistance of bismuth spiral . 17 62 ohms — 

Resistance in residual field . . >777 ohms 

Resistance when fully magnetized 20*04 ohms 4050 
The change of field when the magnetizing current was 
.switched on was 3550 lines per square centimetre. 

(i) Velocity of Flow 53 centimetres a second. 

Distance apart of electrodes 1*3 centimetres. 

Polarization e tn.f. With field applied Difference in milli volts 


587 

61*2 

2-5 

65-0 

677 

27 

77-2 

8o*2 

30 

78-.1 

80-5 

2-2 

8S-0 

yo*8 

2-8 



Mean 2*6 
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^ . BLv 3550 X 1.3 X 53 

•Calculated value — — 

10 * 10 “ 

= 2‘45 millivolts. 

Observed value/calculated value = i *06. 


Velocity of 53 centimetres a second repeated. 


Polarization 

With field on 

Difference in millivolt. 

950 

97*5 

2-5 

99-5 

102*2 

2-7 

945 

97-8 

33 

965 

98-0 

2-4 

977 

100-4 

27 


Mean 2*7 

It was difficult to keep the magnetizing currents, which 
ranged from 47 to 50 amperes, quite constant during a 
run, and on making or breaking the field the changes of 
magnetism*, depending as they do on the current, were 
not always exactly the same. The observations show the 
way in which the polarization varied, and the variation in 
consecutive observations of Che induced voltage at each 
break or make, which are to some extent modified by the 
slight irxegularities in the rate of water flow and the 
•continuarchange of polarization. 


(ii) Velocity of Flow 102 centimetres a second. 


Polarization 

With field on 

Difference in millivolts 

320 

368 

4-8 

39‘0 

44-2 

5-2 

450 

502 

5-2 

521 

56-4 

4-3 

72 7 

77-6 

4-9 

83-1 

88-2 

5-> 

50-8 

55-2 

4‘4 


Mean 4-8 

Mean observed magnetic field 3660 lines per square 
centimetre. 

Calculated voltage » 4*8 millivolts. 

Observed value/calculated value=i-oo. 

(iii) Velocity of Flow 140 centimetres a second. 



296 


PoUnzation 

With field on Difference in millivolts 

450 

513 

6*3 

42*0 

48-4 

6*1 

46*2 

5*-5 

6*3 

50*2 

56*0 

5-8 

6o-o 

66-4 

6*4 

62*4 

68*5 

6*1 


Mean 

6-2 

Calculated valuer 

(3600 X 1*3 X i4o)/io*= 6-55 millivolts. 

Observed value /calculated value = 0*942, 


(iv) Velocity of Flow 187 centimetres a second. 

Polarization 

With field on Difference in nullivolta 

22*0 

3*'8 

9*8 

83-0 

92-3 

93 

85-2 

94-9 

97 

87-0 

96*5 

95 

90*3 

997 

9*4 


Mean 

9-5 

Field 3950 lines per sq. cm. Change of resistance of spiral 

ohms. 



Calculated voltage 

= ( 395 ox 1*3 X 187)/ 10* 



s= 9'6 millivolts. 


Observed value/calculated value = 0*99 


(v) Velocity of Flow 234 centimetres a second. 

Polarization 

With field on Difference in millivolta 

20*0 

3*7 

11*7 

370 

48-3 

11*3 

55*0 

66*4 

11*4 

8o*o 

91*2 

11*2 

90*0 

101*4 

11*4 

100-0 

111*4 

11*4 

110*0 

I2I-5 

”•5 

120*0 

131*6 

11*6 


Mean 11*4 

Field 3350 lines per square centimetre. 

Calculated voltage 2= 10*8 millivolts. 

Observed value/calculated value 1*055 
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Ratio 
106 
ro2 
0942 
0*99 

i‘055 

Mean ratio 1*013 

Having regard for the difficulty of keeping the 
conditions constant, the mean agreement between the 
observed and calculated values is satisfactory. 

//. Waterflow constant, magnetic field varied^ 

(i) Change of magnetic field 1000 lines per square 
centimetre. 

Speed of water throughout, 140 centimetres a second. 


Polarization 

With field on 

Difference in millivolt. 

0*0 

» 9 

1-9 

PO 

29 

1-9 

O’O 

1-6 

1*6 

2*3 

4'3 

2*0 


3-2 

1*4 

*27 

4*5 

1*8 


Mean 1*76 

Calculated voltage = (1 000 x i*3x i4o)/io* = r82 millivolts. 
Observed voltage/calculated value = 0*96. 

(ii) Change of magnetic field, 1750 lines per square 
centimetre. 


Polarization 

With Qcid on 

Difference in millivolt. 

iW-0 

i 89'5 

3*5 

190*0 

193*8 

3-8 

195*0 


3*0 

180*0 

183-5 

3-5 

195*0 

198*6 

3-6 

200*0 

203*5 

3-5 

210*0 

213-3 

3-3 

194*0 

197*2 

3-2 


Velocity of water 
cmt. per sec. 

53 

102 

140 

1S7 

234 


E.M.F. 


Obs. 

Cal. 

2-6 

2-45 

4-8 

4-7 

6* 16 

6-55 

9*5 

9*6 

11-4 

10*8 


Mean 3*4 
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Calculated value = (i750 x i’3 x i40)/io*=3-2 millivolts. 
Observed value/ calculated value=i*o9. 


(iii) Change of magnetic held, 

2500 lines per 

square 

centimetre. 




Polarization 

With field on 

Difference in 

millivolt* 

192-4 

197-6 

5-2 


164-2 

168-7 

4-5 


170-7 

574-9 

4-2 


170-2 


4 -> 


175-0 

1794 

4-4 


i8o-i 

184-6 

4-5 




Mean 4-5 


Calculated value 

= 4-5 milUvolts. 



Observed value/calculated vaiue=i'CX}. 


(iv) Change of magnetic field, 

3500 lines per 

square 

centimetre. 




Polarization 

With field on 

Difference in 

millivolt* 

0*0 

6-2 

6*2 


oro 

6-3 

6-3 


2-0 

8-1 

6*1 * 


10*0 

16-0 

6*0 


20*0 

26-8 

6*8 


305 

37-0 

6-5 


35-4 

4 f 5 

6*1 



Mean 6*3 

Calculated value =6*36 millivolts. 

Observed value/calculated value=0'99. 

From these we have : 


Field across stream 

Oba. 

E.M.F. 

Cal. 

Ratio 

1000 lines per sq. cm. 

1-76 

1*82 

0-96 

1750 lines per sq. cm. 

3-4 

3-2 

1-06 

2500 lines per sq. cm. 

4*4 

4-5 

1-00 

3500 lines per sq. cm. 

6*3 

6-36 

0*99 


Mean i*ooa 

It can therefore be said that the electrical forces caused 
by the movement oi a partial conductor such as fresh water 
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in a magnetic field agree as closely as the conditions trf 
the experiments permitted with the exact statement of 
Faraday’s law, as a consequence of which these voltages 
and their derived currents must exist in the sea wherever 
water moves under natural forces as shore or tidal waves 
of translation across the earth’s magnetic field. The move- 
ments of waves, either vertical or horizontal, give rise to 
corresponding electric currents. When the motion is 
rapid, as in quickly flowing rivers, or due to forces such as 
ships’ propellers, the voltages may be much higher, and 
It tlie sea, owing to its better conductivity, large currents 
may circulate. In the northern hemisphere the magnetK 
field is downwards. As a result of this, waves which break 
on eastern shores are electrically polarized in a direction 
N. to S., and there must be around the shores of Great 
Britain for instance a right handed circulation of electric 
currents, feeble it may be compared with the other great 
physical forces in the phenomena of the ocean, but not 
perhaps negligible as a stimulus in the life of shore forms 
— whether animal or vegetable. This electric current flows 
up the coasts of Holland and Germany and Denmark in 
the same 'direction as that followed by the gravitational 
tides, but has no connection with them. The currents near 
the surface of the sea during a heavy storm in which there 
is much actual translational movement of water must be 
large. The current density is independent of the length 
of the wave, depending only on its velocity. Thus in 
water of resistivity p ohms per centimetre cube moving 
with velocity v centimetres a second in a field of B lines 
per square centimetre, the current density is Bv/p x lo* 
amperes per square centimetre. That across the water 
leaving the propellers of say the Mauretania at a speed of 
for example looo centimetres a second in deep sea with 
p = 30, and a field locally increased by the presence of the 
iron of the vessel to say, i line per square centimetre, Is 
half a micro-ampere per square centimetre, or about half 
an ampere across the active vertical area of the track' 
The current from such a ship can be detected at a distance 
of several miles by exploring plates in the sea. 
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The electrical current flowing across the Mersey from 
Liverpool to Birkenhead during ebb tide is about 15 
amperes per mile of river. So far as the physical genera^ 
tion of electric currents in water by the movement of fish 
or water is 4 factor in their communication of alarm or the 
reverse, we are lead to the conclusion that it is not 
improbable, and that in any case there must always be in 
the sea near the shore weak electrical currents the 
existence of which appears to have been hitherto over- 
looked. 

I desire to thank Professor Thornton for his constant 
help and advice, and for affording me the hospitality of 
his laboratory and apparatus. 
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ELECTRICAL PERCEPTION BY DEEP SEA FISH. 

By W. M. Thornton, d.sc., d.eng. 

1. Introduction . 

The means by which deep sea hsh, many of them blind 
and all carnivorous, obtain food and avoid capture is still 
an unsolved problem. In the search for a solution it is 
necessary to examine every hypothesis which has a reason- 
able scientihc basis, though by the nature of the case no 
such hypothesis can advance beyond a theory. The mean- 
ing of the abnormal development of the mucous glands of 
deep sea fish can only be found if they are shown to 
contribute to the reception of impulses necessary for the 
preservation of the species. In this paper the hypothesis 
is advanced that the glands of the lateral line of fish in 
general are their chief organs of directional perception. 
They are known to be sensitive to mechanical vibrations, 
and have been shown also, by Mr. Regnart, to be remark- 
ably sensitive to electric currents. They control entirely the 
direction of movement of a fish in response to electrical 
stimulus,* and since fish in movement set up electrical 
pressures, whose magnitude is known, it seemed worth 
while to examine whether the lower limit of current which' 
induces response under experimental conditions is of the 
order of that occurring in nature. There is found to be 
a gap between them, but it is sufficiently small to warrant 
the presentation of these observations as a possible basis 
for further work on the subject. 

2. The Hearing of Deep Sea Fish. 

The physical features of great ocean depths are immense 
pressure, complete darkness and still water, but not perfect 
silence, and the low frequency vibrations of earth move- 
ments there are certainly transmitted to the water above* 
The mucous canals of fish have been regarded by some^ 
as sense organs adapted to perceive such vibrations of 
water at wave lengths too great to be perceived by the eyr. 
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The auditory nerves of most of the deep sea fish are perfect, 
and their hearing is probably as well developed as that of 
shallow-water fish. Since in quiet waters engine sounds of 
passing steamers are heard at distances of several miles 
by the simplest listening devices such as a rubber tube 
closed at the lower end and connected at the upper to a 
stethoscope, it is probable that on the main steamship 
routes depths of a few miles are relatively noisy, and that 
these sounds are heard there by fish. 

Hydrophone observations made during the war with 
microphones and sensitive receivers gave no indication of 
audible sounds from moving fish though these could be 
clearly seen in the neighbourhood of the microphone. A 
faint rustling sound is reported to have been heard from a 
dense shoal of herring, possibly from broken water at the 
surface. 

On the other hand, whales have been followed at night 
as steamships because of the similarity of their powerful 
heart beats, heard by underwater listening gear, to periodic 
engine sounds. If deep sea fish perceive one another at 
all by hearing, the pulsations heard are probably those 
made by the heart rather than any other movement. The 
displacement of water as a fish moves through it is not of 
*the nature of sound, that is a pressure wave, but the change 
of movement of water as a blind fish approaches near to 
the walls of a tank would appear to be sufficient warning to 
it of the presence of a solid obstacle. 

With regard to such movements of water Parker* 
agreed with Schulze that the lateral organs might be recep- 
tors of low frequency vibrations, but Hofer’ maintained 
that they were receptors for stimuli due to differences in 
the velocity of water streaming past the body of the fish, 
presumably by differential pressures on the canals through 
the mucous. It has been shown* that the lateral organs 
arc not essential for the perception of low frequency vibra- 
tions, which are slow oscillatory movements of water, 
though the directional sense was much impaired bv the 
elimination of these organs. It is certain that the lateral 
organs are sensitive to mechanical stimuli of various kinds, 
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but the high development of the lateral canal system in 
deep sea fish is not to be accounted for by such small 
mechanical difierences. Gunther* states that the extreme 
development of these canals in deep sea fish implies that 
they must perform in addition a function or functions other 
than those of fish in regions near the surface. 

3 The Phosphorescent Organs of Deep Sea Fish. 

Many deep sea fish are blind but are fitted with organs 
o/ phosphorescence. Since at these depths all fish are 
carnivorous, the purpose of phosphorescence in a blind 
fish is obscure, and is still an unsolved problem. There 
is, however, a close association between slime cells and 
phosphorescent organs, of which Halosaurus machrochir 

i.s a good example. 

Von Lendenfeld summarizes the properties of these 
organs as follows : 

1 . The phosphorescent organs of fishes are more or less 
modified glands, which have been partly developed from 
simple slime glands in the skin, and partly in connection 
with the slime canal system. 

2. The typical clarate cells are modified gland cells. 

3. The accessory reflectors and sphincters are developed 
from the skin around and below the gland. 

4. The large suborbital organs are innervated by a 
modified branch of the trigeminus, and the other organs 
by the ordinary superficial nerves. 

Authorities agree that the phosphorescent skin glands 
may be organs of perception, and the manner in which 
they are distributed along the lateral line and over the 
surface suggests that they are sensory points. Leydig, 
from the structure of the more highly developed glaiids, 
concluded that they were “ pseudo-hlectrical " organs" of 
perception, but did not offer any explanation of the meap9 
by which they were stimulated.* Moseley, in discussing* 
the erreat head organs of iPnoPs murrayi, in which there 
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are hexagonal cells arranged in columnar masses with 
ordinary nerve iibres to each cell, concluded that they could 
not be electrical on account of the absence of the insulating 
connective tissue found between the cells of the electric 
fishes. The pressure in the latter may rise to 300 volts, 
and there must be insulation suitable for this. Organs of 
perception are under no such necessity. Stimulus of the 
order of a microvolt is sufficient to activate nerve, and if 
it can be shown that voltages of this minute order are set 
up by moving fish, the question of whether the phosphor- 
escent glands are not after all electrical organs of 
perception is re-opened. 

4. Electrical currents made by fish tn ihetr motion through 
the Earth's magnetic field. 

Deep sea fish are not electrical in the sense that when 
at rest they are the seat of electromotive forces such as 
those of Malapterurus or GymnotuSy but all fish in motion 
are the source of such forces, for the following reason ; 
When matter of any kind is moved, each electrical charge 
of which it is made up forms in itself a current around 
which there is a magnetic field. When the movement 
takes place in a magnetic field, these atomic fields react 
on the original field, and by this reaction the charges are 
caused to separate. An insulator becomes polarized, an 
isolated conductor has an *' open circuit voltage.” 



The polarity 1$ such that the left-hand side of a body 
advancing into a magnetic field directed' downwards 
becomes positive, the right-hand side negative* (Fig* 1 .) 

A fish moving relatively to the water by which it is 
surrounded forms part of an electric circuit of which half 
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the voltage is generated by its motion forwards and half 
by the motion backwards of the water propelled by it. 
(Fig- a.) 




\ 



-*• + 
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In the case of a ship these currents are large and can 
be readily detected, by exploring plates connected to a 
galvanometer, at distances of several miles, the propeller 
giving to them a characteristic low frequency pulsation by 
which a:,type of ship may be identified. 

The electromotive force between opposite faces of a 
centimetre cube of matter, if not a perfect insulator, moving 
with velocity v centimetres a second at right angles to a 
magnetic field of B lines per square centimetre, is Bv in 
c.g.s. measure, or Bv/io* volts. Taking the earth’s vertical 
magnetic field as 0.5 and the horizontal velocity of a quickly , 
moving fish as to metres a second, each centimetre 
cube of its body becomes polarized laterally to a difference 
of 0.5 X tooo/ 10* or 5 microvolts. Between the opposite 
sides of such a fish 10 centimetres thick there is a total 
induced potential difference of 50 microvolts. The density 
of a fish is nearly that of water, thus in a given time it 
gives to a mass of water equal to it;^ own a mean velocity 
equal to that with which it advances. The voltage tji the 
circuit is then too microvolts. ' 

The voltage due to the moving fish is divided betwemi 
itself, the water and the receiving fish, if any. Let ^e, 
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resistances of these be the same (a path of 2 metres lony[, 
1 sq. cm. section, in sea water has a resistance of about 
5000 ohms), then the voltage received by the second fish, 
assumed at rest, would be one third of that generated, or, 
in the above case, 33 microvolts. 

5. The Electrical Restsitvtites of Fish. 

In order to form an estimate of the total transverse 
resistance of fish the resistivities of parts of fish were 
determined by the Kohlrausrh bridge at telephonic 
frequencies. Of these the following mean values are 
given : 


Muscle across fibres 
Muscle along fibres 
Skin (2m./ m. through) . 
Slttne . 

Vitreous humour of eye 
Aqueous humour of eye 
Spherical lens (cod) 

Sea Water (coastal) 


400 ohms per c. cube. 
230 M 

400 M M 

115 M M 

120 ,, ,, 

136 M 

25 »» ti 


A fish 10 centimetres thick has a transverse resistance, 
including the skin, of about 4000 ohms per sq. cm. The 
'current density due to its own motion (at 10 metres a 

second) could not exceed / 4000 = 2-5 x 10“* 

IC / 

amperes per sq. cm., but the total current from a fish 
having, say, a half surfeu:e of 500 sq. cms. might be of the 
order of 10 microamperes. This current spreads out as 
from an electrical doublet, and would be picked up by 
another fish in the neighbourhood whether in motion or at 
rest. Experiment alone can decide whether currents of 
this order alarm fish when suddenly applied. If the skin 
of a fish were uniformly sensitive the total stimulus would 
be proportional to its area, but when, as Regnart has 
proved, the organs of the lateral line are so much more 
sensitive than the rest of the skin that when their nerves 
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Are cut the Rsh does not respond at all directionallyi it 
is necessary to consider the possibility of either (i) the 
concentration or gathering of electric currents m the water 

the high conductivity slime leading them to the nerves 
of the gland (which, as previously pointed out, are branches 
of the sensory trigeminus), or {2) of the higher electrical 
sensitivity of the mucous gland canals and their contents, 
whether aided or not by extruded slime. 

Un the above argument, should the currents which 
cause response in fish, as indicated by their directional 
movements, prove to be of the order of lO"* amperes per 
sq. cm., It would be certain that such fish could be aware 
ol one another's movements, by the medium of the electric 
currents caused by their rapid motion through the earth’s 
magnetic held, for currents of this order arc not only 
possible but are a necessary physical result of such motion. 

6 . The Smallest Visible Electric Current. 

Fish that live in shallow water have already, in the eye, 
an organ capable of detecting exceedingly small high 
frequency alternating electric currents. The energy in 
the leasuvisible light is about 0.06 microergs falling on a 
square centimetre a second,* corresponding to 
per cubic cm. of space in water. This energy is 4trit* 
where i*, is the maximum transverse current in a light 
wave,* At the limit of visibility 10 = 4 x lor* ampere per 
sq. cm. at right angles to the ray. 

An estimate of the least rate of reception of energy may 
also be made from the facts'® that the least energy perceived 
by the whole retina is about 5 x to*” erg, and that the 
duration of the smallest visible electric spark is not greater 
than I or* seed. The least rate of reception is then 
5 X ior'*/ior* or about OXJ5 microerg per second. 

It has been shown to be possible that fish possess in 
their slime a medium not without inflhence on the reception 
of electric currents. The resistivity of slime, C.T15 ohms 
per centimetre cube, is much lower than that of the skin. 
Slime therefore provides a relatively good conductor 
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(nearly four times better than skin and muscle) by which 
electrical currents in the water can be led into slime 
glands or canals in much the same way that Schulze 
regarded them as detectors of mechanical movement. 

The conduction of a nerve impulse, though accompanied 
by electrical phenomena, is not a true electrical current. 
It has rather the nature of a wave of ionic instability, like 
that of a row of blocks in which one falling knocks down 
the rest in succession. The magnitude of the stimulus 
necessary to start such impulses in nerve fs extremely 
small. The impulse begins by disturbing the equilibrium 
of potassium ions in the axis cylinder at an end plate or 
similar terminus, and the most direct way to do this is by 
leading in an electric current. 

Electrical pressures of the order of a microvolt are 
found by the string galvanometer across points of section 
of nerve," but this represents the full nerve impulse. 
Given a means by which pressures of that order could be 
applied through sense organs directly to nerve, it is 
certain that the stimulus would be strong enough to start 
the conduction wave to the brain. The structure of the 
hexagonal cells of the phosphorescent glands, for example, 
suggests that each of these adds to the nerve impulse, the 
' effect being cumulative. 

7. The Function of the Phosphorescent Glands. 

Should the so-called phosphorescent glands be proved* 
to be organs of electrical perception, there is a reason for 
their peculiar distribution. They are then sensitive regions 
the intensity of stimulus of which would give an indica- 
tion of the direction from which currents came. Equal 
stimulus on each side of the fish would come from a source 
directly in front or behind; which of these would be 
indicated by the relative strength of response of the head 
or tail glands, not by any difference of time of reception, 
foi induced electrical currents arrive at the same instant 
at every part of the surface of the fish. 

Slime is phosphorescent. Light radiated from this 
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source, as from any other, is electrical in origin. It is an 
indication of an electrically sensitive state associated with 
chemical change. The phosphorescent gland is the seat 
of electrical action, and the ordinary nerves controlling the 
secretion are equally well adapt^ to receive electrical 
stimulus. 

In the development of phosphorescent organs, the cell, 
at tirst open to the water, is closed by a translucent plug 
or lens, the resistivity of which may be about ago ohms. 
This is lower than that of skin and muscle, and an organ 
with such a lens would still be a region sensitive to 
conduction currents. The thin transparent bony mem- 
brane covering the head organ of Ipnops would, when 
moist, offer less resistance to the passage of electric current 
than these rudimentary lenses. Beneath the lens of the 
phosphorescent skin glands there is a thick slimy humour, 
and since, as Macallum argued, enclosure should not 
markedly interfere with the physical properties of a 
secretion, the resistivity of this humour might be expected 
to be near that of slime if they had the same origin. 
Taking the eye of a fish as the extreme form of an unclosed 
cell of 'this type with a vitreous humour, measurements 
made of the resistivity of many such humours gave a 
close average of 120 ohms per c. cube. That of skin slime 
is 1 15 ohms. There is, then, on the electrical evidence as 
well as the anatomy of the organs, some ground for the 
suggestion that the vitreous humour of the eye of a fish 
is a survival from a primitive slime gland. (In bullocks' 
eyes the resistivity of the vitreous humour has an average 
value of 83 ohms. 


8. The Evolution of the Eye as an Electric Sense Organ. 

The point of view indicated above is that the eySf 
the only organ of higher animals djrectly adapted for the 
reception of electrical currents, in the form of electn^ 
magnetic light waves, may have arisen first from a slime 
cell, and that, as indicated by the order of its development 
in the vertebrate embryo, it is one of the oldest of Ahe 
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organs, made to perceive the electrical currents present 
from all time near moving bodies in the pment sea. On 
this view the gland, secreting phosphorescent slime, 
becomes next an organ (tf phosphorescence closed by a 
translucent lens. Phosphorescence in itself is a secondary 
etlect, useful to seeing deep sea fish in pursuit of prey, 
fatal to blmd sea fish unless compensated by electrical 
sensitory properties. 

The high frequency currents that constitute light have 
themselves no direct effect on nerve other than by their 
heating action. In order to transform them into the 
unidirectional ionic change by which a visual nerve 
impulse is started, a photochemical reaction is interposed, 
that of the visual purple. This lias not been fully worked 
out, but the fact remains that the bleaching of the pigment 
by light IS a steady chemical change which gives a nerve 
stimulus in regular relation to the energy absorbed. ‘The 
occurrence of pigmented cells in phosphorescent organs 
suggests that if these are in the first place organs of 
electrical reception the pigment there may be a substance 
chemically sensitive to electrical action and playing a part 
ill the process of nerve stimulation. 

If living forms began, as seems probable, on the sea- 
shore, deep sea forms can be regarded as modifications of 
surface types to suit the ctmditions of life there, with 
possible reversion to primitive function as detectors of 
electric currents in the case of organs such as those of 
sight, for which there is little use in darkness. The fact 
tlut many deep sea fish have vision shows either that their 
appearance there is relatively recent or that there is 
sufficient luminosity from phosphorescence to have 
prevented complete extinction of the function. 

On the general question of the electrical properties of 
nerve it might be held that the very existence of the 
complex electrical network of nerves by which external 
stknulus is transmitted from the sense organs is itself con- 
chtsive evidence that it arose and was devdoped under 
dscumstances in which perception of, or response to, 
electrical stimuius was the first condition of life, and the 
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fact that the electnc current in the least visible light is 
of the same order, or less, than that made by the movement 
of fish, brings the latter into the region of possible sensory 
effects. 

9. Conchtston. 

Most of the above notes were first written some thirty 
years ago, when the generation of electric currents by 
moving fish first occurred to me. They were added to 
after the War, but have been awaiting experimental work 
on the sensitiveness of fish to electric currents. Measure- 
ments of the lower limit of perception of such currents by 
fish have been made recently by Mr. Regnart in the 
Electrical Engineering Laboratory of Armstrong College 
and at the Marine Laboratory, Cullercoats, which prove 
that fish exposed to light and accustomed to noise respond 
to currents of the order of 2 to 20 microamperes per sq. cm. 
when first applied, though they rapidly become used to 
them. The gap between the observed value of a x tor* and 
the current calculated from moving fish, which may be 
of the order of 2 x to** through skin and muscle, can be 
partly btidged if we regard the slime which projects from 
a gland as an elongated conductor or antenna; an electrical 
collector which leads the currents in the sea through the 
fish by a path which forms a better conductor than skin 
does, though this only accounts for a 4 to i increase of 
sensitivity and there is still an unbridged gap between 
observed and estimated values. 

In the relative quiet and complete darkness of the great 
ocean depths it is not improbable that fish are even more- 
sensitive to stimulus, but the extremely small currents 
which have already been proved to activate fish show 
that the suggested action of the generation and perception 
of electric currents by them is perhaps worthy of oon> 
sideration as an explanation of the hitherto unsolved 
problem of the means whereby blind deep sea fish peredve 
their prey or avoid capture. In this process it is now 
suggested that the currents generated by moving fish may 
be led into the organs of perception, which are either thir 
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skin glands or the more specialized head organs, by meam 
ot the higher electrical conductivities of the slime, or 
possibly by the sensitive tissues of the mouth. Experi- 
ments on the response to weak electric currents of fish 
kept in complete quiet and darkness are desirable in order 
to see whether the observed limit may be still further 
lowered. 
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AROMATIC ELECTRONICS.* 

By Herbert H. Honr.soN, m.a., b.sc., ph.d., f.i.c. 

{Head of the Departments of Chemistry and Colour 
Chemistry, The Technical College, Huddersfield.) 

INTRODUCTION. 

At several previous lectures on the subject of the 
application of modern electronic theories to aromatic 
chemistry, the question has frequently been asked, " What 
IS the gain over the older valency-band explanation of 
phenomena ? " A very simple answer is forthcoming when 
the problem of the further substitution of mono-substituted 
benzene derivatives is considered, but before dealing with 
this question a brief introduction must first be given to the 
theories themselves. The latter are mainly due to the 
pioneering conceptions of Lapworth and Robinson (see 
inter aha, J.C.S., 1922, 121, 416, 427) on the one hand and, 
latterly, to Ingold on the other, each of whom has had the 
experimental assistance of a host of collaborators. 

At the outset it must be emphasized that only qualitative 
generalizations are to hand, although from the masterly 
exposition by Robinson (see Allan, Oxford, Robinson and 
Smith, J.C.S., 1926, 401) of the rules to be followed, the 
effect of a group under given circumstances may be fore- 
casted with reasonable probability. The following factors, 
in order of diminishing importance, are held to determine 
the result of a reaction : 

(1) The circumstances of the reaction — especially 
whether the reagent is anionoid or kationoid. 

(2) The conjugated systems. 

(3) The general electropolar effect of attached groups. 

The rAIe of the reagent itself cqnnot be too strongly. 

emphasized, since in many cases (see later) it determines 
the possibility of the reaction, i.e. it is the prime agdnt.’ 
Most of the work in this field has been carried out with 


• *• The Eleventh Bedscm Lectuie.’* 
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kationoid reagents, e.g. nitric acid, which in its activated 
— + - + 
state is polarized as HO NO,, and the halogens. Cl — Cl, 

— 4 * 

Br— Br, and in consequence these will seek anionoid 
centres of activity in the benzene ring, viz., negative 
carbon. Such reactions also readily occur, because 
anionoid carbon appears to be the less natural state, and 
therefore the more reactive, positive carbon being the more 
natural or stable condition. An example, however, will 
be given later of attack on positive carbon by an anionoid 
reagent. 

The conjugated systems are of course responsible for 
the so-called alternating or conjugative effect (termed by 
Ingold, tautomeric effect, and styled as +T or — T as the 
case may be. See more especially Ingold and Shaw, 
J.C.S., 1926, 2918). 

In connection with the general effects of groups, 
whether they tend to repel or attract electrons. Ingold has 
made use of the very concise terms “ source ’’ and “ sink,’* 
and their static effect has been divided by him into two 
functions, viz., a direct effect (D) exerted over space, and 
an inductive effect ( -f - 1 or — I for source and sink 
respectively) relayed from atom to atom. The total effect 
' of any group can therefore consist of at least four com- 
ponents, viz., (i) the dynamic alternating (tautomeric) effect 
due to actual electron displacements, and largely dependent 
on the demand of the reagent, (2 and 3) the direct and 
inductive effects, and (4) the steric effect which may be 
regarded as a volume effect but whose real origin is 
probably electrical. 

The general effect of a group, in the absence of a 
reagent (the reagent may reinforce or even reverse the 
effect) may tend to exert more or less control over the 
covalency electrons binding it to the carbon atom; in the 
former case, e.g. with the nitro-group, by imposing a 
restraint, whereby the whole of the neighbouring carbon 
sjrstem may be deactivated ; in the latter case by imposing 
a repulsion (release), e.g. with the methyl group, whereby 
the neighbouring system may be activated. Both these 
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effects for the case of the benzene ring are manifested at 
the o— and p— carbon atoms, so that o — p— effect 
> m, either in a less or greater activated sense. On the 
other hand, the direct (field) effect, which groups exert 
over the molecule spatially, is of the same sign as the 
general (inductive) effect, but since it follows the Coulomb 
(inverse-square) law, the order of intensity will be 
o > m > p. 

The opening question can now be answered, viz., that a 
group which produces an o — p activating effect, facilitates 
substitution in the o — p— positions by a kationoid 
reagent; conversely, an o — p deactivating group inhibits 
o — p— substitution by a kationoid reagent. The opposite 
should hold for anionoid reagents, but reaction is for this 
case far more difficult, due to the very inferior reactivity 
of positive carbon. In all cases the meta-position is 
relatively unaffected, so that in the activating case only 
o — p— reaction occurs, and, in the deactivating case, only 
meta reaction can occur and this with difficulty, because 
the reagent itself must be sufficiently powerful to compel 
reaction, to take place. When conjugated systems exist, the 
alternatfng (-hT) effect overwhelms any purely general 
effect due to a group, e.g. in the further nitration of 
m-nitrotoluene, some 3 : 5-dinitrotoIuene would certainly 
be expected on the older substitution theories (e.g., Crum- 
Brown), whereas in practice none is produced, since the 
o_p_ activating CH, group alone influences the posi- 
tional attack, the NO, group exerting a purely deactivating 
effect which only influences the respective yields of the 
(o — p— to the CH, group) nitro-products. 

Another important feature of the electronic theory Is 
that on the approach of a kationoid reagent, all groups 
containing lone-pair electrons (e.g. F, Cl, OCH,, NHAc) 
are able to supply in varying degrees of freedom, a 
negative chaige to the o— p— carbbns which thus become 
activated. A group like F or Cl therefore, which tends to 
ionize wherever possible, i.e. to acquire a negative ohaige, 
will thus act in a static sense (e.g. in a dyestuff) asoan 
electron-sink, but in a reactidn with a kationoid reai^M 
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as an electron-source [e.g. in chlorobenzene (I)}. When 
the hal<^en is removed from the nucleus however, as in 
benzotrichloride (HI), the sink-effect operates with con- 
sequent deactivation of o<— p positions and resultant meta- 
nitration. Such a result could not be predicted on the 
older valency-band theory. 

An interesting example of combined effects arises in 
the further nitration of m-chloronitrobenzene. Here the 
effect of chlorine is 4.T — I (Ingold and Shaw, loc. cit.), 
T > 1, and since T operates by the alternating effect, 
whereas I decreases with distance (particularly with 
difficulty of passage through double bends), T^I will 
be greater at p— than at o— position [e.g. in the nitration 
of chlorobenzene, much more p— than o— chloronitro- 
benzene (70 130 approx.) is produced, whereas with toluene, 
where +1 (or +T-f I, if alternating effects occur. Sec 
Lapworth and Robinson, Mem. Manchester Phil. Soc., 
1928, 72, 47) is greater at o^ than at p— position, there 
is consequent predominance of ortho-nitration (57:40). 
A consequence of the concurrent deactivating effect 


ct 



a X, 


of the nitro-group is that the entire yield is 
chloro— 3 14— dinitrobenzene (IV). On treatment with 
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caustic alkali, it is the 3>nitro-group which is replaced by 
hydroxyl and not the chlorine atom as would normally be 
expected, and this is due to the fact that the strain imposed 
by the 4-nitro-group is partially relieved by the chlorine 
atom, whereas the 3«nitro-group is attached to a carbon 
already very much constrained (i.e. rendered more katio- 
noid) by the combined general effects of the chlorine and 
4>nitro>groups, and therefore most prone to anionoid attack. 

APPLICATION OF AROMATIC El ECTRONICS TO THE O. N. WITT 
CHROMOPHORE THEORY. 


The first recorded observation on the relationship 
between colour and constitution was made by Graebe 
and Liebermann in 1868 (Ber. i, 106). These chemists 
pointed out that all the known coloured organic substances 
became colourless on the addition of hydrogen, and they 
arrived at the conclusion that such colour was due to 
unsaturation, e.g. quinone, azobenzene, rosaniline. The 
next recorded observation was by O. N. Witt in 1876 (Ber. 
9,522), who brought forward his theory of chromophores 
and auxMhromes. The nomenclature of this theory is still 
largely used, and the theory itself also is still recognized as 
a valuable, if somewhat superficial relation, between colour 
and constitution. Witt pointed out that two things are 
required to give an organic substance colour and dyeing 
properties. The molecule must possess a certain grouping 
of atoms to give it the potentiality for colour, and it must 
also possess a salt-forming radicle to bring out the colour 
and dyeing properties. The potential colour groups, e.g. 
NO,, _N = N — , — C = 0, were termed “ chrotnophores,’' 
and the molecules containing them “ ekromogens,’* e.g. 


C,H, - NO„ C,H, - N = N C.H,, 



It will 


be noticed that some of Witt’s chromogens are colourlesst 
e.g. nitrobenzene, whilst others have a feeble colour, but 
none of the chromogens has any dyeing property. Tba 



318 


colour is developed or strengthened by the salt-forming 
groups called '' auxochromeSf*^ e.g. — OH, and 

substituted NH,. Not all salt-forming groups, howeveri 
can act as auxochromes, e.g. — SOjH, COOH, and the 
electronic theory for the first time furnishes the discrimina- 
ting explanation fur this division of salt-forming groups. 
Since colour is due to absorption of photo-energy by the 
molecule — the tighter the electronic framework, the higher 
the wave-lengths absorbed and the redder the colour; con- 
versely, the less restrained the system, the lower the wave- 
length absorbed and the bluer the colour. Sink groups 
produce the former effect, sources the latter. Now of the 
salt-forming groups mentioned, the hydroxyl and amino- 
groups are electron-repelling (source) (o — p directing) and 
consequently increase the electronic mobility of the system 
with blueing effect on the colour, and, most important for 
the dyeing process, with increased activation of the 
molecule as a whole, so that it can more readily unite with 
a textile fibre. On the other hand, the sulphuric and 
carboxyl groups both impose restraint on electrons (i.e. are 
meta directing) with consequent inhibition of molecular 
activity and prevention of fixation by the fibre. This 
argument will hold good whether dyeing is the result of 
chemical or physical processes. The auxochrome effect is 
consequently something distinct from the salt-forming 
property, a fact which finds exemplification in the dyestuff 
Chrysophenine (V), which has no auxochrome in the 
O. N. Witt sense. However, since Meyer, Irschick and 
Schlosser (Ber. 1914, 47, 1741) found that a sufficiently 
active diazonium salt such as diazotized 2 : 4rdinitro-aniIine 
will couple with jS^methoxynaphthalene, it follows that the 
methoxy 1 -group here and the ethoxy 1 -groups in Chryso- 
phenine can be made to function asauxochromes (activating 
agents), in the former case by the diazonium reagent and 
in the dyestuff case, per sty in the sense of producing the 
requisite electronic mobility. The search for new auxo- 
chromes should in consequence of this viewpoint receive 
a fresh stimulus, now that their true characteristics as 
electron-activators is recognized. 
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It may be objected that the — COOH and — SO^H 
groups are present in the dyestuffs as sodium salts and 
therefore in the dyebath as negative ions, but it must be 
remembered that acid assistants are added to the bath and 
that the actual union in the case of wool is between the 
fibre and the free dyestuff acid 

THE Dt COMPOSITION OF DIAZO SAITS BV ALIPHATIC ALCCHOLS 

Although this decomposition constitutes a well-known 
method for the replacement of the diazo-group by 
hydrogen, nevertheless in many cases the reaction prc^ucts 
include alkyl ethers sometimes exclusively The dual 
character of the decomposition process has been explored 
by means of a reaction between benzene diazonium sulphate 
on the one hand and the series methyl ethyl, n-propyl, 
isopropyl and n-butyl alcohols on the other, i e with the 
simplest of materials The reaction was followed by the 
amount of aldehyde formed since every molecule of 
benzene produced during replacement of hydrogen is 
accompanied by one molecule of an aldehyde which in turn 
was estimated by means of its p nitrophenylhydrozone 
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The mechanism of the reaction can be electronically 
envisaged as follows Firstly the formation of a comf^Iex 
between the alcohol and the benzene diazonium sulphnift 
in which the union may be purely electrostatic or datnitt 
(VII), and secondly scission of molecular (VI) mtrogVK 



320 


which involves an appropriation of two electrons either 
from the phenyl group or from the oxygen. In the former 
case, the phenyl group will be left with a positive carbon 
atom which will then unite with the potentially anionoid 
oxygen to form an alkyl ether; in the latter case the 
oxonium oxygen will ionize one of the hydrogens attached 
to the a‘>carbon atom and this will combine with the 
phenyl group which has been left with one negative carbon 
atom, the alcohol being thus converted into an aldehyde. 
When the diazonium salt is unsubstituted, then both 
reaction products appear except in the case of methyl 
alcohol, which yields anisole only. With substituted 
diazonium salts the general effect of the substituent plays 
a most important part according as to whether it is + 1 or 
— I, viz. : when + 1 , as in the case of toluene diazonium 
salts, then only ether formation occurs (Bramwell, Amer. 
Chem. J., 1897, ig, 561; Alleman, ibid., 1904, 31, 24; 
Roberts and Alleman, J. Amer. Chem. Soc., 1911, 33, 391) 
because appropriation from the phenyl group is facilitated; 
when — I, as in the nitrobenzene diazonium salts, formation 
of hydrocarbon and aldehyde predominates (Orndorff and 
Cauffmann, Amer. Chem. J., 189a, 14, 45; Orndorff and 
Kortright, ibid., 1891, 13, 153) because appropriation of 
electrons from the phenyl group is inhibited. 

Keeping the simple unsubstituted diazonium salt and 
employing the alcohol series above, it follows from 
electronic theory that the oxygen atoms in the alcohols are 
progressively activated from methyl to n-butyl, so that the 
ionization ability of the a*<arbon hydrogen atoms will be 
progressively diminished, with the result that a regular 
decreasing amount of aldehyde formation should ensue. 
The data obtained are in entire agreement with this stand- 
point : CH.OH (o), C,HpH (9-4), n-C,H,OH (4-7), 
iso-C,H,OH (S'O), n-C4H,OH (i'3) (the numbers represent 
mol. per cent, aldehyde per mol. amt. of benzene diazonium 
sulphate taken), except for methyl alcohol, which should 
give the maximum amount of aldehyde. This behaviour 
of methyl alcohol is regarded as entirely anomalous and is 
ascribed to the symmetrical configuration of the three 
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methyl hydrogen atoms. To test this viewpoint benzyl 
alcohol was employed, a product which is derived from 
methyl alcohol by replacement of one hydrogen by the 
phenyl group whose general effect I), C,H,— <“CH,OH, 
is the opposite of that due to the m^yl group in ethyl 
alcohol ( + 1), CH,OH ; consequently aldehyde 

formation should be much greater, as proves to be the case, 
viz., 19-5. The series of substituted methyl alcohols thus 
exhibits continuity with the sign of the general effect. 

NITROUS ACID AS A NITRATING AGENT. 

Nitrous acid nitrates dimethyl-p-toluidine, giving at 
least 80 per cent, of 3-nitixMlimethyl-p-toiuidine (3-nitro- 
4Klimethylaminotoluene) ; nitric acid at the same dilution 
is practically inactive. O-nitrosation analogous to the 
p-nitrosati(Tn of dimethylaniline does not appear to take 
place. Since 2-nitro-dimethyl-p-toluidine is produced by 
the normal nitration process, the mechanism of the above 
reaction must differ from that of ordinary nitration. 

Lapworth and Robinson (loc. ctt.) explain the 
apparently anomalous o-nitration benzaldehyde and 
of acetophenone by assuming the formation of an additive 
complex (VIII) of nitric acid and the unsaturated group, 
which then favours nitration in o-position. In the light 
of this conception, it may be assumed that the nitrogen 
atom and the 3-carbon atom of dimethyl-p-toluidine, which 
are both strongly activated, produce a negative field which 

— + 

attracts the polarized nitrous acid, HONO, and, by 
rendering the nitrogen* (IX) less positive, makes it prone 
to oxidation ; the free nitrous acid in the solution then 
oxidizes the nitrous acid component of the complex to nitric 
acid with evolution of nitric and nitrous oxides and subsOh 
quent nitration at the activated 3-carbon atom. 

AN EXAMPLE OP AN ANtONOlD REAGENT SEEKING A 
K^TIONOID CENTRE. * 

The mobility of the chlorine towards anionoid leagen^ 
in n— and p— chloronitrobenzenes afford well-knoiihi 
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examples of antonoid attack at kationoid carbon, but the 
cases of anionoid reagents seeking kationoid C — H centres 
in benzene derivatives are rare. Such a case arises when 
a suspension of 3 : 5>dinitrotoluene in aqueous sodium 
hydroxide is boiled with freshly precipitated mercuric 
oxide, when 3 : 5-dinitro-p-cresol is obtained in approxi- 
mately 50 per cent, yield, the other reaction products being 
amorphous irresoluble complexes mixed with metallic 
mercury. Since mercuric oxide in the absence of sodium 
hydroxide has no action upon 3 :5-dinitrotoluene, whilst 
s^ium hydroxide alone gives no such simple hydroxyl 
product as the above, it is concluded that the strongly 
kationoid 4-carbon atom (X) produced by the combined 
— I effects of the nitro-groups has been attacked by an 
anionoid mercurate ion, which first forms the unstable 
complex (X), this subsequently decomposing to give 
3 :s-dinitro-p-cresol. 
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NEW BANDS IN THE S, SPECTRUM. 

B\ W. E. Cl RT1!>, D.St., \NIJ S. Tolansky, b.sc. 

The absorption and fluorescence spectra of diatomic 
suipliur vapour have been analysed, so far as vibration 
structure is concerned, by Rosen.' Together they form a 
very extensive system stretching from 4540 A. (22,000 cm.”*) 
to 2380 A. (42,000 cm.”'). The range of vibrational 
quantum numbers involved is o to 37 for v' and o to 25 for 
v" f and the intensity distribution is of the normal (Condon) 
type characteristic of an electron transition giving rise to 
a considerable change of nuclear separation. The fluores- 
cent e system includes many more bands than occur in 
absorption, but on account of their faintness the measure- 
ments are rather inaccurate, errors of + 15 cm.-* being 
fairly common, and there is doubt in some cases as to 
whether the v'v" allocations are correct. Quite recently 
Naud^ and Christy* have reported the results of an investi- 
gation of the S, emission and absorption bands using much 
greater dispersion than Rosen’s, which allowed of a 
rotational 'analysis in the case of several bands. They are 
in general agreement With his analysis, and conclude from 
the rotational structure that the electronic transition is of 
the type , giving three P and three R branches. 

They also note the occurrence of a number of perturbations 
and have been able to study the development of predis- 
sociation in some detail. Their anaivsis is complete 
except for a number of weak satellite heads found mainly 
in absorption ; further reference to these will be made later. 
Their observations cover the region 2400 to 5300 A. Since 
ours, although made with relatively small dispersion, 
extend up to 8000 A., it seems worth while to record 
briefly such of the results derived from them as will not be 
obtainable from Naud^ and Christy’s* work. 

The source used was a Pyrex tube 20 cms. long nnd 
2 cms. in diameter, with external electrodes connected to 
8 circuit in which oscillations of frequency about ^ 
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pressure in the tube was taken down as far as possible with 
an oil pump and charcoal cooled in liquid air, and sulphur 
was distilled in from a side tube. It was necessary to 
heat the tube to start the discharge, and the maximum 
brightness was attained when it was kept at a temperature 
of about 250° C. Nothing but S, bands could be detected 
in the spectrum. Photographs were taken on two spectro> 
graphs, a Hilger constant deviation instrument and a 
Hilger large quartz El, the latter alone being used for 
wave-length determinations, which evtend to 6610 A. 
Faint bands evidently belonging to the same system were 
obtained on extreme red plates with the smaller instrument, 
but the dispersion was insufficient to permit of analysis. 
The wave-numbers listed are probably accurate to within 
a couple of wave-numbers in the case of sharp heads, but 
frequently overlapping introduces much more uncertainty 
than this. Nevertheless the data are considerably more 
reliable than those previously available. This is probably 
due not only to the larger dispersion employed but also 
to the fact that Rosen’s data refer mainly to fluorescence 
lines, which may occur anywhere in the band to which 
they belong. Further, the fluorescence was composite, 
resulting from excitation by several tines simultaneously. 

* The relatively simple appearance of the spectrum above 
5000 A. is to a certain extent spurious, since it is partly due 
to the fact that in this region the ratio of the two vibration 
frequencies ( w' = 400, u" - 600) is very nearly 2 : 3, so that 
for example the bands {v', v"), (v' + 3, v" 2) and (i'— 3, 
v" — 2) are approximately superposed. Fortunately the 
progressions are rather short or the analysis would have 
been much more difficult and uncertain. 

The wave<lengths, wave>numbers and intensities of the 
heads measured are given in Table I ; the v' v" allocations 
are also indicated. A set of weaker heads running roughly 
parallel to the main system has been identifled and analysed 
in a similar manner. The vibrational quantum numbers 
attributed to these are in italics. The intensities are visual 
estimates. 
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TABLE I. 

DETAILS OF S« EMISSION BANDS. 
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The analysis of the system into vibrational progressions 
is set out in the usual manner in Tables II and 111. No 
attempt has been made to derive the positions of the band 
origins from those of the heads, as the consequent errors are 
certainly less than those of measurement. Rosen’s v' and 
v" values have been adopted, since Naud6 and Christy 
have found them to be substantially correct. Of the 41 
bands of the main system listed in Table II about 17 at 
the short wave-length end have already been recorded by 
Rosen. The low accuracy of his measurements some- 
times renders identification doubtful, however.* The weaker 
system given in Table III is entirely new, but the order 
of accuracy of the wave-numbers is somewhat lower than 
for the main bands. 

Considering first the main bands, the lower state differ- 
ences (w") are seen to be fairly regular, with a second 
difference of 6 i (cf. Rosen, 5*8). The upper state 
differences show marked irregularities, however. Those 
occurring for v' i — o and v' 2 — 1 may possibly be due to 
some extent to wrong identifications, but the values from 
o' = 2 to 5 appear to be well established. The mean values 
are 401-9, 388-4 and 385-4, and since none of these is likely 
to be in error by more than about one unit it is evident 
that a marked perturbation must exist. This does not 
appear to be confined to one level only, or it would show 
itself as an equal and opposite effect on two successive 
« values only. It is rather in the nature of a definite 
break in the v' curve in the neighbourhood of a' = 5, 
but the observations for lower v' values are not sufficiently 
numerous to establish its precise natu'rft^ith certainty. No 
doubt this is one of the perturbations reported by Naud^ 
and Christy as occurring among the levels of the upper 
electronic state. 

A spectrogram of the portion of the system under 
investigation, with vibrational transitions indicated, is 


Note added §n /mo/. 

* From the farther data recently pnbliahed hv Naiidd and 
Christy It appears probable that the v and t* vanes used here 
shonld be increased by 3 and a units r e s pectively. 
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given in the Plate The last seven bands in Table I do 
not appear in the reproduction, but are easily measurable 
on the negatives 

•Turning next to the question of the origin of the 
weaker bands given in lable III, two main possibilities 
present themselves, they may be regarded as a separate 
system or as companions to the heads of the stronger 
system The results of the former treatment will be seen 
from Table III The v intervals are quite regular and 
closely comparable with those of the strong system, the 
mean difference (strong — weak) being only +05 cm-* 

1 his clearly suggests that the two systems have a common 
lower le\ el Of the four well determined v intervals three 
(410 o, 402 8, -)88 8) agree satisfactonlv with the oorres* 
ponding intervals for the strong system (4123?, 4019, 
388 4), but the next (370 o) is quite discordant (with 385 4) 
Each is the mean of four concordant values, so that the 
upper levels certainly cannot be common It is worthy of 
note that the perturbation appears at the same place in both 
systems and 15 of the same order of magnitude, but in 
opposite directions The discrepancy is also evident from 
a consid6tation of the separations of corresponding heads 
of the two systems, which are as follows (mean values) 
0=0 I 2 3 4 5 

Av — 380 414 to 9 400 408 248 

The abnormality of spacing of the weak heads associa^ 
with the o' a: 5 bands may readily be seen by reference to 
the Plate 

If the weak heads do not form an independent svatem 
their relation to the main heads might be one of the follow- 
mg types 

(1) Satellite branches, corresponding to an effective 
change of rotational quantum number of — a The attnbuh 
tion of the main system to a % *2 transition by Nendti 

and Christy seems to exclude thw possibility, since hudh 
satellite branches would not be observed in ban^ at title 
type 

(a) Isotope effect There are three isotopic solfilltiit 
atoms at ptesent known, of masses 30^ 33 and 34,, |[Mi 
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relative proportions* being approximately 96, i and 3. On 
this view, then, the strong heads would be due to the 
molecule and the weak heads to the The relative 

abundance of the two types would be 32* : 64, or 16: i. 
This ratio seems larger than the estimated ratio of 
intensities of strong to weak heads, but as no actual 
intensity measurements are available the possibility cannot 
be ruled out on this account. 

The isotope separations to be expected in this region 
were calculated by the method given by Patkowski and 
Curtis,* and range about 180 cm.-' (weak — strong). This 
is much larger than the intervals given above, but a dis- 
placement of the same order (-- 220) is obtainable by 
associating the weak heads with the next strong head but 
one on the red side. Not only is there no numerical 
agreement with the calculated values but the observed 
separations are found to increase with v' for the same 
whereas the isotopic separations must of necessity decrease 
with increasing v\ We may therefore conclude that the 
weak bands cannot be due to the isotope effect. Moreover, 
it is evident from the calculations why the latter has not 
been observed, for it happens that all the heads in 

this region would fall just inside heads and thus be 

Completely masked. 

The most plausible explanation of the weak system 
would seem to be that it originates from a second electron 
transition, the lower level of which is the same as that of 
the strong system whilst the upper level lies about 40 cm.-' 
higher than that of the latter. It would be premature to 
offer any opinion as to the possible nature of such an 
additional level until more extensive data are available, but 
it is of interest to note that Naud 4 and Christy mention ** a 
number of weak satellite heads found mainly in absorption 
which are probably due to a different electronic transition.*' 

The existence of a third electronic level is also indicated 
by the occurrence of predissociation effects in this spectrum, 
first noted by Henri.* Naud^ and Christy state that it sets 
in at 10, which corresponds to an excitation energy of 
36,110 cm.-*. According to Kronig’s theory* this implies 
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that a third electronic level exists, of which the continuum 
probably begins in this region and which should not be 
capable of combining with the upper level of the main 
system. One would therefore expect that it would combine 
with the lower level and that possibly the weak system of 
bands might be due to this transition. The objection to 
this explanation is that the spacing of the upper levels of 
the two systems has been shown to be approximately the 
same, so that the continua of both should begin at about 
the same point, and therefore no interaction between them 
such as would lead to the observed predissociation should 
be possible. 
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A PRELIMINARY EXAMINATION OF THE 
MORPHOLOGY OF THE SOMATIC CHROMO- 
SOME IN ROSA. 

By J. W. Heslop Harrison, d.sc., f.r.s., and 
K. B. Blackburn, n.sc. 

The study of the somatic chromosome in Rosa has 
been so overshadowed by the remarkable features revealed 
in the meiotic phase of the unbalanced polyploids that most 
workers in rose cytology have allowed the matter, impor- 
tant as It is, to remain in comparative obscurity. In fact 
the words of Hurst (1929), “ In Rosa proper all the 
chromosomes are relatively the same in size and shape, 
though they differ remarkably in number,” correctly 
represents the situation as it has appeared to most of us. 
Tackhoim (1920, 1922), Blackburn and Harrison (1921, 
1924), Erlanson (1929), and Hurst (1929), in giving figures 
of somatic plates in Rosa almost uniformly picture the 
individual chromosomes as more or less regularly curved 
sausage-shaped rods; nevertheless, a critical inspection of 
dccasional figures demonstrates that the chromosomes are 
not quite so featureless as supposed. 

Whilst, as already stated, the small amount of time 
devoted to a careful consideration of the somatic garniture 
accounts for their apparent lack of interest, other causes 
must be cited as contributing to this: (i) the choice for 
study of chance somatic mitoses in diverse tissues and 
irrespective of their situation and (a) the use of drastic 
fixatives like Carnoy’s fluid which, in addition to destroy- 
ing most cytoplasmic inclusions, obscures the structure of 
the individual chromosome, especially in somatic tissue. 
With the advent of new and mote satisfactory fixatives, 
and the examination of standardized zones like the 
meristematic tissues of the root tips, the study of the 
morphology of somatic chromosomes has been revolution- 
ized. Using root-tips, fixing with Langlet's modification 
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of Navaschin’s Fixative, and staining with Iron Alum 
Haematoxylin as usual, we have systematically reviewed 
the somatic chromosome complements of selected species of 
Rosa, the species subjected to examination being Rosa 
lutea var. punicea Mill., R.gymnocarpa Nutt., R. pisocarpa 
A. Gray, R. Soulieana Cr^p. and R. sptnosissima L. 

Concerning these roses a few explanatory remarks 
seem necessary. By most authorities, who have ventured 
along the stony path of rose classiiication, including the 
latest (Herring 1925), R. gymnocarpa and R. pisocarpa are 
assigned to the Section Cinnamomeae, R. Soulieana to the 
Synstylae, R. sptnosissima to the Pimpinellifolise and 
R. lutea var, punicea to the Luteae. According to Hurst's 
(1927) classification, based on his differential septet system, 
R. Soulieana is an AA diploid species, R. gymnocarpa a 
BB dipla(^, R. pisocarpa a DD diploid and R. spinosis- 
sima as a BBCC tetraploid form. R. punicea Mill, he 
separates as a distinct subspecies from R, lutea Mill., and 
then classihes both as subspecies of R. pimpinelhfolia. 
Erroneously, in our opinion, he assumes this latter to be 
differentiable from R. spinosissima and puts forward its 
septet formula as BBDD. Tackholm, working with plants 
from Upsala, also determines R. lutea var. punicea to be 
tetraploid. 

On the other hand, as the upshot of our researches, 
R. lutea var. punicea, raised from seed kindly supplied by 
the Royal Botanic Gardens, Edinburgh, has turned out to 
be diploid. We are very far from assuming that the 
findings of other workers are incorrect, but content our- 
selves with stating that, at present, our plants give us no 
reason for looking upon them as other than R. lutea var. 
punicea. 


DESCRIPTION OF THE CHROMOSOMES. 

A glance at the figures in text figure A will exhibit the 
type of plates we secured for study. Needless to aaiff 
these plates are selected plates in which the chromoeomei 
are favourably disposed for critical examination; duia|^ 
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other plates came under review, some of which only 
afforded us individual chromosome suitable for study, but 
always confirmed the results obtained from better plates. 



1 Rosa lutca \Ar puntcea 4 R Soulteana 

2 R gyntnocarpa 5 R sptnostsatma 

3 R pisocarpa 


The first point that strikes one immediately as quite 
new is the circumstance that chromosomes bearing satellites 
exist in all five* species. The number of such chromosomes 
in the diploid species is certainly two ; of the state of affairs 
in R. spinostsstma the most that we can say with absolute 
certainty is that there are two satellited chromosomes, and 
very possibly four. To emphasize these facts, and to 
fac^tate further comparison, we present in text figure B 
an Saalysis of the various complements. In that figure, in 
the seventh vertical column appear the chromosomes 
endowed with satellites and, with the reservations made 
under R. sptnosissima, we may label them as type VII. 

^ Satidlited chromosomet have Ukewlae been detected in Rosa 
tomentosa and Certain of ita hybrids. 
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Whilst the chromosomes of type VII may be described 
as substantially alike in R gymnocarpa, R puocarpa, 
R Souheana and in the first pair and possibly the third 
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f Rosa Intea var puntcsa 4 R Soultsana 

2 R gymnocarpa 5 R sptnostss$ma 

S R ptsocarpa 

chromosome of R sptnostsstma, those in R lutta yai:. 
punicea seem to offer a more or less constant deviation in 
configuration 
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As far as the other chromosomes are concemedi type I 
(first vertical column) appears to be distinctly longer than 
the remainder and to possess a median or almost median 
constriction. In type II, we have a chromosome a little 
shorter with a constriction perhaps best considered as 
submedian. The two following types, types III and IV, 
are practically subequal in size, a little smaller than type II 
and like it display submedian constriction. Type V, in 
general the smallest chromosome of the complement except 
those carrying satellites, reveals a median or almost median 
constriction. Lastly, type VI usually manifests itself as a 
more or less curved rod, not of the conventional shape 
generally attributed to the somatic chromosome of i^ora, 
but affording characteristics sufficiently strongly marked to 
single It out from the other types. In its case there are 
indications in R. lutea var. punicea and R. gymnocarpa 
that further work may lead to modification of our views as 
to its salient features. 

In publishing this paper we wish to emphasize the fact 
that it is to be looked upon as essentially preliminary, and 
we intend, if necessary, when publishing our final work 
on the subject of chromosome morphology in Rosa, to 
revise the species just now discussed. 
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THE INFRA-RED ABSORPTION OF FUSED AND 
CRYSTALLINE QUARTZ PROM 2/1 TO S/i 

By F E McGinnety, h sc 

The following is an attempt to unify the available datu 
on the Absorption, in this region of the Infra-Red, of Fused 
Quartz and Crystalline Quartz Several investigators 
have worked in this particular region, but since they have 
used different thicknesses of quartz their results are 
difficult to compare In most cases the absorption values 
have not been corrected for refiection at the quartz surfaces 
In the present paper, the absorption values have been 
taken from Tables or curves in the published papers 
The Reflection values used in the Reflection Correction 
co-efficient are those obtained by Reinkober 

In the case of Crystalline Quartz, the results considered 
are those 'obtained using plates cut perpendicular to the 
Optic Axis 

In the derivation of the Absolute Absorption Co* 
efficient, some account must be taken of the reflection of 
light by the quartz plate A correction co-efficient has 
been calculated and applied to the Transmission values 
The Reflection Correction Co-efficient was derived as 
follows — 

Consider a ray AB incident normally on a slice of 



quartz (In the diagram, frig i, the ray is dra^a at 
oblique incidence, so that the internal reflections can (m 
ifliown.) 
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Part of the ray BC is reflected at the first quartz surface. 
When the incident ray is of unit intensity, and R is the 
fraction reflected, i — R is transmitted through the first 
surface. Passing through the quartz the ray suffers partial 
absorption, the magnitude of the absorption depending on 
the frequency of the radiation. T being the fraction trans- 
mitted for a given frequency, the intensity of the ray at D 
i& T (i — R). A fraction of this, R, is reflected back into 
the quartz, and a fraction i — R is transmitted into the air. 
The intensity at E is therefore T (i — R)*. The portion 
that is reflected at D, after being again partially reflected 
at the opposite surface, finally reaches F, with an intensity 
of R*T’ (i — R)*. Similarly the ray at G is of intensity 
R*T“ (i-R)*. 

The total intensity of the emergent ray is the infinite 
sum of such rays. 


T, = T (i_R)* + R*T» (i_R)» + R*T» (i _R)*-|-etc. 
T (1 — R)’ 




( 1 ) 


1 — R*T* 

T, is the intensity which is actually measured. 

F«»n ( 1 ) T = -(■-«)•+ Va-Ry -I- ♦T.-R- 

. 2 T,R* 

Expanding the expression under the root sign, 
T. 4 T.* R* 


( 2 ) 


(I-R)* (I-R)' 


- + higher terms. 


Since, in general, R is small, being of the order of *03, 
the second term may be n^lected. 

R becomes large for both Fused and Crystalline Quartz 
between v 1280 and v QOOf this being a region of " metallic 
reflection." R is *89 at v 1100. Beyond v 1^50 there are 
no accurate transmission values obtainable, so that only the 
r^on V 4000 and v 1250 is considered here. The correct 
transmission values for frequencies which have large 
reflection co-efficients have been calculated direct from the 
quadratic root (a). 
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Having obtained the true transmission values, the 
Absorption Co-efficient K is calculated from 

T=e-k* 

where t is the thickness of the quartz in tntlltmetres. 

The Absorption Co-efficients are shown in Tables I 
and II. The curves of the Absorption Co-efficients of 
Fused Quartz and Crystalline Quartz are drawn on one 
sheet for direct comparison purposes. Pig. a shows the 
variation in K in the region v 40Q0 to v 2500, and Fig. 3 
in the r^ion v 2500 to v 1250. Lines are drawn across the 
curves to indicate the thickness of quartz necessary for 
50% transmission for any given frequency. This should 
be a useful guide in the choice of the thickness of plates 
to be used in future work, as well as being an indication trf 
the magnitude of the absorption at any given point. 

In the>graphs and in the discussion following, wave- 
numbers are used in preference to wave-lengths, as having 
more practical physical significance. The wave-numbers 
of fundamental bands are proportional to the characteristic 
frequencies of the molecule, and the calculated combinatimi 
bands are derived from the wave-numbers of tho funda- 
mental hands. 

Discusston of Results. 

The r^ion studied has been sub-divided into two 
regions. The first extends from v 4000 to v 2000, and the 
second from v 2500 to v 1250. This was found necessary 
^nce the absorption from v 4000 to v aooo is very much less 
than in the remainder of the region. The greatest 
absorption in the first part is at v 3700 in fused quartz, 
being *5, while in the second part the co-efficient at v 1850 
is nearly 13*0. 

{a) y 4000~2000. 

Two curves are shown for crystalline quartz and two for 
fused quartz. Partin's curve for fused quartz agrees fUrly 
well with Dreisch’s although Parlin finds small bands 
which are unresolved by Dreisch. Also, Parlin’s ctflpre 
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Fig. 2 
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shows stronger absorption near 3700 than that of Dreisch, 
and the positions ot the bands in the two curves do not 
quite coincide, Parlin s value being 3690, and Dreisch’s 
3636 

Parlin resolves two small bands at 3435 and 3324, which 
Dreisch does not show Parlin makes special reference to 
these two bands, and to the fact that Dreisch found, in 
Crystalline Quartz, two bands at 34^6 and 3330 While 
these bands may occur in both quartz forms, Parlin points 
out that a microscopic examination of his specimen of fused 
quartz with polarized light showed some slight structure 
1 his IS consistent with the view that fused quartz, being c. 
super-cooled form reverts slowly, at low temperatures, to 
Its natural crystal form Parlin s apparatus was of a higher 
resolving power than Dreisch s, so that this may explain 
Dreisch s failure to observe these two bands in fused quartz 
Also, the thickness of quartz used by Dreisch was two and 
a half times that used by Parlin, and his transmission 
values were correspondingly smaller 

Another difference between the two curves shows near 
the end of the region Parlin finds two small bands on 
either side of 2600 at 2625 and 2554, while Dreisch shows 
one at 2667 and a possible weak one at 2550 These must 
seemingly be the same pair of bands but there is some 
discrepancy in their positions 

There are some indications of weak bands between 2700 
and 3000 on both curves, but these are too indefinite to 
measure 

The mam difference between the two curves for 
Crystalline Quartz is that Dreisch has resolved the band 
shown by Merritt at 3400 into two at 3436 and 3330 
Dreisch s apparatus was an improvement on that of Merritt, 
his work being done thirty years later 

Comparing the curves for Crystalline and Fused Quartz, 
they seem to be very different at first sight Examined 
closely, however, they are remarkably similar The 
intense band in fused quartz at 3690 appears to be one 
great difference, but Plyler (Phys Rev 33, 48) found a 
very slight band in crystal quartz at this wave-numher 
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Merritt's curve for crystalline quartz does not show 
bands corresponding to those at 2625 and 2554 fused 
quartz. It is possible that an instrument of higher 
resolving power would show corresponding bands in 
crystalline quartz. 

Possibly in this region the same bands occur in both 
forms, but with very great differences in the relative 
intensities in the amorphous and crystalline form. 

(b) 2500-12^0. 

In this region there are noticeable differences in the 
absorptions of fused and crystalline quartz. The main 
difference is that beyond 2100 crystalline quartz absorbs 
more strongly than fused quartz. The thickness of quartz 
used by Nichols and Reinkober were of the same order, 
o-oi8 mm. for fused quartz and 0*07 for crystalline quartz. 
P might be noted that Nichols measured the thickness of 
this plate very accurately by an interference method. The 
plate used by Reinkober was not uniform in thickness, 
varying from 0-055 to 0*106 mm. The value given 
is the .average thickness. This uncertainty of the true 
thickne^ renders doubtful the accuracy of the absorption 
co-efficients for fused quartz in this region. 

The first band in this region for crystalline quartz is 
given by Nichols at 2310 and by Coblentz at 2299. The 
band does not show well with the scale used, but is quite 
definite. Merritt’s curve for crystalline quartz does not 
show this band, nor is a corresponding band to be found 
in Reinkober’s curve for fused quartz. 

Again, in crystalline quartz there are four bands, 1995, 
1887, 1602 and 1504, and in fused quarts fwo at 1857 and 
1640. It is probable that 1887 and 1602 in crystidline 
quartz correspond with 1857 and 1640 in fused quartz. 
1110 fused quartz curve suggests a fteaker band near tqSo 
and another near 1440. These may correspond to the 
crystalline quartz bands at 1995 and 1504. Here again^re 
discrepancies in wave-number, also there is a suggestion 
of a band in crystal quartz at 1675. It would appear tb(^ 
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u further survey of this region, especially in the case of 
fused quartz, would be fruitful. 

In Table III are listed the absorption bands with their 
relative intensities, which are proportional to their 
absorption co-eSicients. 

My sincere thanks are due to Dr. W. E. Curtis for his 
valuable help and advice during the preparation of this 
paper 


TABLE I. 


CRYSTALLINE QUARTZ. 
Dreisch. t = 9.0 mm. 


Wave 

Number 

WaveleiiRth 
in fA 

Corrected 

TraotmiMioo 

K 

4000 

2*5 

*9544 

*00518 

37037 

2*7 

*9273 

*00839 

3636*4 

2*75 

'8966 

*01213 

3571*4 

2'8 

*6745 

*0437 

3448*4 

a*9 

*3479 

*1173 

3389*8 

2*95 

*3804 

•1074 

3333*3 

3*0 

*3260 

*1245 

3289*4 

3*04 

*5214 

*0724 

3246*8 

3*08 

*7076 

•0384 

3164*6 

3* 16 

*7597 

*0305 

3076*9 

3*25 

*8026 

*0244 

3030*3 

3*33 

*8021 

•0245 

3932*6 

3*41 

*7907 

*0261 

2857*1 

3*5 

•6656 

•045a 

2777*8 

3*6 

*4541 

•0877 
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Table I, — continued. 


Merrit t = 3.91 mm. 


Number 

\\<t\eIenKth ' 
in fi 1 

Corrected 

Transmission 

K 

4000 

1 

1 

-25 , 

9992 

'OOO24 

3745-3 

267 I 

9973 

*00069 

36765 

2 72 1 

9«43 

0230 

3533-6 

283 ' 

*8214 

0503 

33898 

2*95 

7879 

’0610 

3257-3 

3 <17 

8690 

0359 

3154-6 

3 17 

9“5 

•0237 

29586 

3-38 

9274 

0193 

2724*8 

367 

• 5 W 5 

*1308 

2617*8 

3*82 

-5235 

■1655 

2525-3 

396 

•4414 

*2092 

2427-2 

4*12 

2578 

•3467 

2222*2 

4-50 

•1068 

1 

•5720 



Coblentz t 

— 1.3 mm. 


Wave 

Number 

Wavelength 
tn fJt, 

Corrected 

Transmission 

K 

2857*1 

3-5 

-8659 

•1107 

3500*0 

4*0 

•5608 

•445 

2352*9 

4-25 

*3109 

•899 

2298*9 

4-35 

•2676 

1*014 

2247*2 

4-45 

*3101 

*901 

2127*7 

4-7 

*2129 

1*190 

2083*3 

4-8 

•0531 

2*258 

2000*0 

5-0 

*0370 

2*536 
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Table I. — continued. 


Nicbols t ^ .018 mm. 


Wave 

Number 

Wavelength 
in fjL 

Corrected 

Traniiinibaion 

K 

2381-0 

4*2 

-9516 

2-756 

3^727 

4-4 

-9446 

3-166 

2222*2 

4-5 

•9669 

1-869 

2127-7 

4-7 

*9446 

3-166 

2083-3 

4-8 

-9350 

3-733 

2040-8 

4-9 

•8984 

5-952 

* 3000*0 

5-0 

-7281 

17-630 

1980*2 

5-05 

•7412 

16-640 

1960-8 

5-1 

-7783 

13-930 

19*3- 1 

5-2 

-7409 

16-660 

1904-8 

5-25 

-6488 

24-010 

1886-8 

5-3 

-5630 


1851-9 

5-4 

-7048 

19-430 

1818-2 

5-5 

-7494 

16-030 

1754-4 

5 7 

-8285 

10-450 

1724-1 

5-8 

•8388 

9-765 

1694-9 

5-9 

-7801 

13-800 

1666-7 

6-0 

-7511 

15-900 

1639-3 

6-1 

•7270 

*7-710 

1612-9 

6-2 

•6187 

26-670 

1600-0 

6-25 

-6079 

27-650 

1587-3 

6-3 

*6492 

24-000 

1574-8 

6*35 

-6978 

19-990 

1562-5 

6-4 

-7903 

13-070 

1550-4 

6-45 

-8160 

11-300 

1538-5 

65 

■7886 

13-190 

1526-7 

6-55 

•7346 

17-140 

1515-2 

6-6 

•6941 

20-290 

I 4 Q 2‘5 

6-7 

-6875 

20-820 

1470-6 

6-8 

-7560 

15-540 

1449-3 

6-9 

•8151 

11*360 
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FUSED QUARXZ. Parlm t * 2.0 mtn. 
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Table II. — continued. 

Dreisch t = 5.03 mm. 


Wave number 

Wavclen^h 
in /I 

CorreLted 

Traiiwission 

K 

4000*0 

2-5 

*9507 

-0100 

3921-6 

2*55 

9458 

•01 1 1 

3846-2 

2-6 

*9265 

■0152 

3773*6 

2-65 

-8810 

025a 

3703-7 

27 

*4512 

-158 

3636-4 

2-75 

-1779 

*343 

3571*4 

2-8 

-6386 

-089 

3508-8 

2-85 

•8096 

'O42 

3448*3 

2-9 

8912 

-0229 

3389*8 

2-95 

*9157 

-0*75 

3333*3 

3'0 

* 9 * 7 * 

*0172 

3225-8 

3*1 

*9548 

'OO92 

3174-6 

3-15 

*9564 

-0091 

3125-0 

3’20 

*9367 

•0130 

3 <S 76*9 

3-25 

*9*36 

*0180 

3030-3 

3*3 

*9*05 

-0186 

2941-2 

3*4 

-91 18 

-0183 

28^-6 

3*45 

*8954 

-0220 

2857-1 

3*5 

-7928 

-0461 

2816-9 

3-55 

* 74.35 

*0589 

2777-8 

3-6 

-6518 

-0851 

2739*7 

3*65 

•6285 

-0923 

2702-7 

3*7 

‘4902 

-14a 

2666-7 

3*75 

* 4**9 

-176 

2631-6 

3*8 

*4327 

-167 

2614-4 

3*825 

*4455 

-161 

2597*4 

3*85 

*4324 

•167 

2564-1 

3*9 

*42.07 

-IJ2 

2531-6 

3*95 

-4122 


2500*0 

4*0 

-3666 1 

-ig 9 

2469-1 

405 

-3100 

*233 

2439*0 

4-1 

*2534 

*273 
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Table II — continued 



Scinkober, Ann der Phys 34, p 343, 1911 
Ifemtt, Ann der Phys 55, p 49, 1895 
Dreuch, Zett fur Phys 43*56, p 436, 1927 
Kicbola, Ann der Phys 60, p 401, 18^ 
Ooblentf. Phys Rev 33, p 135, 1906 
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POLLEN ANALYSIS OF THE PEAT ON 
HEATHERY BURN MOOR, 
NORTHUMBERLAND. 

By 

A. Raistrick, ph.d., m.sc., and K. B. Blackburn, o.bc. 

Heathery Burn Moor lies five miles south-west of 
Blanchland, and rises to about 1,700 feet O.D., the higher 
part being a gentle dip slope of Yoredale beds. This moor 
top was formerly a wet moss or bog, but about forty years 
ago was drained to facilitate peat-cutting and to improve 
the pasture. Since the draining, heather, with some 
cotton grass, has spread over the surface, and sphagnum 
moss isistill found in the hollows and in the damper parts 
by the stream edges. Between 1,500 feet and 1,600 feet 
O.D. the peat is now exposed to a depth of 6 feet in a peat 
cutting, where, by the kindness of Mr. Marshall and Dr. 
Garrett, we were enabled to examine the peat and to collect 
material. 

The sections exposed show clearly an upper layer from 
8 inches to 12 inches brown, fairly friable peat, composed 
largely of sphagnum. Below this, up to a feet 6 inches 
of dark brown, much decomposed peat of cheesy con- 
sistency, resting on a basal layer of from i foot to a feet 
brown peat, full of roots and fragments of wood. ,The 
whole section rests on sandy, cream-coloured clay. From 
about 3 feet down in the section, small twigs and woody 
material are abundant. A small vertical column was 
taken from the clay at the base, to the sphagnum material 
at the top, and in subsequent examination, specimens were 
taken from the column at intervals of 2 inches. These 
samples, excluding the clay, are numbered from the 
bottom upwards, 1 to 16. In preparing the materkl for 
microscopic examination the following method, after much 
experiment, was found to give the most satisfactory re&tilts. 
About I cc. of the peat sample is digested in ammonia 
(approximate strength i /lo of -880 solution) in a water-bRth 
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for about six hours, a boihng-tube providing a handy- 
sized container. The solution of humic substances and 
the residues are poured into a larger vessel, filled up with 
water, and, after a few seconds, decanted, to free from 
sand grains. The decanted material is washed in several 
waters, it being necessary to allow considerable time for 
settling between each washing. The peat residue is a fine 
black mud which includes any pollen present in the original 
peat. A spot of this mud on a slide is cleared with lacto- 
phenol, and mounted in safranin glycerine jelly. In the 
slides so prepared the tree pollen is easily examined under 
the microscope, as the grains take the stain very well 
indeed, and detail of structure and surface marking can 
easily be determined. The total number of each kind of 
tree pollen present is counted, using for convenience a 
mechanical stage. The principal kinds of pollen found in 
the peats are Betula, Pinus, Alnus, Quercus, Ttita, UlmuSf 
Corylus, and much more rarely Fagus and Carpinus. 
With the tree pollen, pollen of Ericoid plants and spores 
of Sphagnum and ferns are often very numerous. 

In the micro study of peat it has been found useful to 
select a number of forest tree pollens, and in any given 
sample to express the number of each species or group 
*as a percentage of the total number present. For this 
purpose it is usual to express, as a percentage of the 
total tree pollen, the number of Pinas, Betula and Alnus 
separately, and of the two groups, Quercus ^ Tilia, UlmuSy 
and FaguSy Carpinus. Hazel is calculated as a percentage 
of this total, in which, however, it is not included. For 
comparative use, these percentages from serial samples 
from a single locality can be plotted as a graph, or for an 
individual sample, or average of several, can be shown as 
as a " pollen spectrum.’* This latter is made by dividing 
the circumference of a circle in the proportion of the 
various pollen percentages, and filling in the sectora of 
these proportions with hatchings or symbols to represent 
the genus. It is a generally accepted custom to start from 
the ” south ” point of the circle and plot the pollen in the 
^rder just named. The spectra give the constitution of 



several pollen analyses at a glance. 

As a preliminary testing ot technique, and to establish 
a local scale of reference, it was decided, in the wider study 
of Northumberland peats now in progress, to construct 
both graphs and spectra for the Heathery Burn peat in 
more detail than is generally necessary, and to check the 
results by repeating the counts on a large amount of 
material and also on material prepared in different ways. 
In the work now recorded, material was prepared from 
i6 horizons in the peat, and in 12 cases tree pollen were 
counted and determined until not less than 300 pollen 
grains had been counted for each sample. In other cases 
tree pollen was more scarce and only about 100, and in 
some cases only 20 to 40 grains could be found. Sphag~ 
num spores and Ericoid and Hazel pollen were counted 
separately, and do not enter into the percentages. Fig. i 
gives the results of these counts in graph form. Speci> 
mens i to 13 show abundant tree pollen with little 
Sphagnum or encoids in the first ten, but at 11 these 
come in to about twice the total quantity of tree pollen, 
ericoids dominating. At 14 tree pollen begins to fail and 
Sphagnum dominates everything. 

The tree assemblage in the neighbourhood, which is 
reflected in the pollen counts, shows interesting changes 
and comparisons with the present flora. Throughout the 
peat which contains tree pollen, that of Ptnus is present 
but varies only slightly between 2 per cent, and 6 per 
cent. ; Betula varies between 30 per cent, and 56 per bent.,* 
and Alnus between 28 per cent, and 51 per cent, and the 
"mixed oak wood” (Quercus+Tilia+Ulmus) between 
4 per cent, and 16 per cent ; Fagus is rare up to 3 per cent., 
and Carpinus occurs only at one level, 8. Hazel is present 
all through, and is very variable ; expressed as a percetttage 
of the total tree pollen, it varies between 8 per cent, and 
30 per cent. It is rather surprj^ing that no Salijt was 
found, but careful search failed to identify any of its pollen. 

From the graph of percentages it may be' seenr that 
at the base of the peat, Alder and Birch, taken together, 
form 93 per cent, of the total tree pollen, and are abnost 
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equal (47 per cent and 46 per cent ) From samples a to 
5 It will be seen that Birch rises to its maximum, then 
decreases to a fairly steady figure, Alder taking its place- 



Fig 1 


as the dominant pollen in samples 6 to 13 In sample 14 
tree pollen was becoming rare, Birch being by far the 
commonest pollen found, and continuing in samples 15 
and 16 as the only tree pollen In this upper part the 
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spores of Sphagnum and the ericoid pollen were extremely 
abundant, many hundreds being counted in a single 
preparation. Pine is present all through in small quantity 
and shows little variation. The mixed oak wood (Q,T,U) 
IS commonest in the middle of the section, then fairly 
steady up to the Sphagnum layer. For comparative 
purposes, average spectra of different parts of the peat are 
used, and on the method used in other peat analyses, 
here and abroad,* « « a » crossing of the descending 
Birch and ascending Alder curve (between 6 and 7) is 
taken as marking one division, and the reverse crossing, 
at the dying out of tree pollen (between 13 and 14), the 
next. Other points of division are taken above and below 
these, if the peat is of sufficient age to include more (fig. a). 
In the Chat Moss, Lancs., peats, these two crossings are 



* 


Fig. 2. 

closely paralleled, and the curves have close similarity in 
their variation; the point where the Blanchland curve 
starts, with Birch-Alder just crossed, corresponds with the 
division (in the Chat Moss peat) between the Boreal and 
lower Atlantic phase of peat , formation.* * ** Before 
this point in Chat Moss, Pine is decreasing from its 
maximum (about 50 per cent.), and Alder has just appenred 
and rising to its first dominance. The Blanchland curve 
on the whole is very similar to the “ Atlantic poitiou Of 






355 


the Chat Moss curve, and to that of several other 
peats determined as of Atlantic age.® * » • The spectra 
show this similarity with great clearness. Spectra have 
been similarly prepared of the Chat Moss peats, of Kildale 
Moss, Cleveland, and of Marsden Hill, Yorks., W.R., 
in each case averaging the curves for the different divisions 
recognized. These are given in Fig. 3. In the Blanch- 
land peat the lower part (1-6) is the peat with roots and 
stumps of trees, the upper part, the rest of the peat nearly 



Fig. 3. 


to the dying out of pollen. The correlation of the tree 
succession with the climatic periods Blytt and Sen- 
nander* ** has been carried out for Chat Moss by Erdt- 
man* * and for Kildale and Marsden by Erdtman and 
Woodhead.* Accepting these correlations and reserving 
their discussion until more work has been done, it is clear 
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that the Blanchland peat includes practically all Blytt and 
Sernander’s Atlantic period (warm, moist, and oceanic 
conditions), and the base of their sub-Boreal (warm and 
dry) with Birch becoming dominant and Alder disappear- 
ing. It must be remembered that the tree pollen reflects 
the conditions in the surrounding areas, not those of 
accumulation of the peat itself, and it is assumcKl in this 
work that tiie changing tree flora was largely a response 
to ciianging climatic conditions. 

'I'liese studies of peat show the former tar greater extent 
of forest trees in the Pennine area, tree remains and tree 
pollen lM;ing found in peats up to 3,300 feet 0.1). both in 
this area and in many observed by Mr. Lewis around the 
Cross Fell-Mickle Fell massif.' The remains of Birch 
occur in the peat at far greater heights than it grows 
now, the tree limit in this area at present being about 
1,000 ieet.O.D. in the sheltered valley bottoms. Lewis has 
given a general succession in the peat on the higher parts 
of Cross Fell : ' first an Arctic or sub-Arctic plant bed 
with Salix arbuscula, Salix reUclata, Empetrum nigrum, 
etc., resting directly on boulder clay; this sub-Arctic plant 
bed is frequently covered by Phragmites communis peat, 
and this in turn by the thick peat typical of the Pennine 
fells. At the base of the thick peat, almost wherever seen, 
is an horizon marked by stools and twigs of Birch {Betula 
alba) along with Alder (Alnus glutinosa), etc.; this is 
Lewis’s forest layer, defined by the presence of actual plant 
remains. The examination of the pollen has extended the 
tree assemblage of this lower forest layer, which is the 
base of our lower Atlantic peat. The forest peat passes 
upward into Eriophorum, Sphagnum and Calluna peat. 
He has no record of Pine in the peat of these higher slopes, 
and the pollen shows only a comparatively small amount, 
when one considers the laige air sacs typical of pine 
pollen, which make it one of the easiest of pollens to be 
carried by the wind, and ensures its presence in peats or 
pond muds, if any pine at all is in the neighbourhood. 
The peats, taken over a larger area, indicate a definite- 
succe^on in the tree flora of north-west Europe, Bitch 
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and Pine being the earliest trees in post-glacial time, Alder 
comes next, followed soon by the mixed oak wood, while 
the latest to arrive are Beech and Hornbeam. It has been 
stated that Hornbeam has not yet been found in British 
peats, but there is no doubt about the pollen in the Blanch- 
iand peat, this statement leading to especially careful 
checking. 

Other peats have been examined on many parts of the 
Pennines, and in Northumberland, and will form the basis 
of further work, and wider correlations, when pollen 
analyses are completed. 
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The Alexander Pedler Lecture, 1931. 

“PROBLEMS IN THE NATIONAL 
TEACHING OF SCIENCE” 

By Profehsor iKViNf Masson, m b i* o sc F i c 

Delivered on the 21st October 1931 in Armstronff College, 
Newcastle upon J yne 


Sir Akxandei Pedltr, in honour of whose memory the 
British Siicnie Guild founded the annual Ie< tures of which 
this IS the third, was a chemist, i meteorologist, and an 
educationist, and he was one of those pubhc-spirited men 
who have given their labours to the civihying of India 
The hfst Pedler Lecture dealt with a wide climatic theme, 
and so it was a token of one major activity in which Pedler 
had to engage 1 he second, last ye ir, was given by one 
who had been a colleague of his in India, in another field 
of science, botany, and it dealt with Science Discipline/' 
It would be tempting in this third lecture for me, as a 
chemist, to choose a chemical theme, but in fact that 
specialized side of Pedler’s interests is independently 
commemorated by a separately endowed lecture, given each 
year in London It may therefore be fitting and in 
accordance both with Pedler’s own career and with the 
aims of the British Science Guild, if I deal with an 
educational theme I shall therefore put before you some 
facts and views of the teaching of science in this country 
at the present day in our universities and schools 

The time is happily past when it was necessary to argue 
the principle that science must be an essential part (to 
varying extents) of everyone’s education, everyone now 
admits that, but what remains is to put that principle 
properly into practice School headmasters look upon 
their laboratory buildings as objects of official pnde 
(though sometimes, still, perhaps, of private anxiety); they 
have followed — some eagerly, some reluctantly — the lead 
given to them and their public by the universities. So 
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strongly indeed has science teaching been fostered during 
the pist thirty or forty years that it h is created a situation 
— or perhaps better a mo^cment which seems to many 
people to require investigation Has the pendulum over 
swung ^ In displacing some of the excessive classi al 
speciali/ation whith for sj long tnidc our general 
education lap sided have we indulged instead in excessive 
spieciaii/ ition in s lenre It we seek to answer this pen 
question we shall liive first to put it m i much less vague 
form It goes without saying that there are many 
intellects so keen and so concentrated in their focus that 
for them there mist lx highly speeiili/ed triining if they 
are to develep their powers for their best service to man 
I ind I or these people tlu question becomes therefore 
It how t uh an age thev sh nild be allowed to concentrate 
Now if these people are so made as to follow a science as 
a lifelong t treer we should certainly make their pre 
hminary training at school subservient to this purpose 
but not before they have siiown their special aptitude 
ejuite unmistal ably In the course of what I have to say I 
shall suggest that our present school system leads to too 
many mistikts in the diagnosis of special scientific 
aptitudes that even when this is not the case the study of 
science at school is made intensive at too early a stage 
and that this prematurely intensive study not only 
displaces other non scientific school subjects which 
valuably subserve a scientific career but is also directly 
hirmful in the later study of the particular science itself 
These statements (which I shall amplify) refer to the 
persons who ultimately can and should pursue a science 
intensively as a career But we should be taking far too 
narrow a view if we regulated all our ideas by these 
people s needs Their interests above all must be cared 
for for from them alone will come the advancement of 
learning But the majority of students will eventually 
deal, not with things but chiefly with persons They will 
utilize science not practise it, they will purvey it as school 
te ichers apply it as physicians and surgeons as engineers, 
as practical men of different sorts or they will simply 
be ilive to what it is and what it can do in human affairs 
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\nd their m'lnagement ot their own kind of hum'in doings 
will be clanhed by i seientitic outlook What 1 am going 
to suggest IS th It in catering for these groups of persons, 
we netd to inquire whetliei we it the universities do not 
dr'ig them ^xt the eh inoi wiie Is of the specialists, and, 
by so doing both mingle th in ind ittard the chariots 

Cntieism of tins type is ipt to be vague and I shall 
theitforc lr\ tj be dehnite ind it the same time to point 
out direetions in which we niiy seek remedies for such 
defects as we discover With this introductory survey, 
let us proceed \nd first of til let us have before us the 
latitude ind longitude ot the teiritory in which we explore 

At the Public Schools of tins country there are I think, 
some fK) o XI boys of girls ibout tlic same number attend 
gills Public Schools ind (in i und numbers) 400 ooo 
boys and girls cqu illy divided irt pupils at the Secondary 
Schools man iged by I oc il I ducation Vutlionties under 
the Board ot I due«iUon ioi Lnglind and Wales 

Theie are therefore in the aggregate well over half a 
million boys and girls fiom among whom the universities 
of England and Wales will draw their students And at 
these universities the total populition of undergraduates 
IS ^in round numbers) 1 > 000 and 1 t Scots universities 
another 1 1 000 

brom the schools there flow to the universities of 
England and Wales each year approximately 10 000 new 
students Taking 19289 as typical the new under- 
graduate entry was about 9 800 of whom 37 per cent came 
from Secondary Schools where they had constituted one- 
nineteenth (*) 3 per cent) of the school leavers in that year 
The corresponding figures for Public Schools aie, I learn, 
not compiled But indirectly I estimate that approximately 
one out of every three or four Public School leavers comes 
up to a university This difference between the two types 
of school IS partly due to differences m average ages of 
leaving for nearly three-quarters of Secondary School 
pupils (girls and boys) leave before they are seventeen, 
whereas Public School boys stay on longer If then, we 
confine our attention to pupils leaving school at and after 
seventeen, we find much less difference in the proportions 



coming cn to universities roughlj t nc in three or four 
from Public Schools and (niort cvactly) one in six from 
Secondary Schools 

I et us follow these pupils ii to the universities 'ind 
see what they do there The fulltime undergraduate 
population of the whole bnited Kingdom wc hnd is 
divided approximitelv thus Out ot fifteen or sixteen ^^ho 
begin 1 full degree course thirteen appeir at the other end 
with a first degree Of those tl irteen seven fellow Arts 
courses and other non scient he subjects four are students 
of medieine engineer ng o some other forms of applied 
science and two vre students of pure science Taking 
them dll round tl ere are about twi ind a half times as 
many men as women among them 

In all faculties together very nearly 9 000 first degrees 
are bestowed in the kingdom every yeir just now And 
the remarkable fact is that when we come to ask how 
these 9 000 are divided between Ht nours graduates and 
Pass degree graduates we find that ti ere ire far more 
Honours than Pass Onh in th Sc ts univeistics is 
this not the case in Scotland for tl e past seven years the 
output of Pass griduates has been ibout ll ree times that 
of the Honours 

In the universities of England and Wales (which I 
shall chiefly consider) the preponderance of Honours over 
P^ss graduates is very m irked It has climbed steadily 
and rapidly since i >24 and earlier until in June iq^o we 
produced just two Honours graduates for every one Pass 
graduate 1 here were in fact 4 'J46 Honours graduates 
a, 3 16 Pass a difference of 2 000 and a ratio of i j6 The 
actual numbers of the Pass graduates have changed little 
in the past three years but the curve slofies definitely 
downward for the last seven years thus in 1924 there 
were 3 1 14 Pass graduates 1926 2776 1928 2309 iQ'iO 
29216 On the other hand each June for the past five 

^ A laige number of Secondary Schools do not particularly 
aim at piMucing umversity students and it seems probable 
therefore that those which do the ratio of umversity 

entrants to school leavers over sixteen years of age is consider 
ably greater than one to sue 
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year& has seen a larger Honours output than the June 
before The total graduations have changed very little 
(fluctuating ibout 6,500), so that what has been happening 
IS that the Honours numbers have been growing at the 
expense of the Pass ® And I may mention that these facts 
remain substantially true when we except Oxford and 
Cambridge 

This IS, I think, a rather important question in 
university policy What is the growing prepiondcrance of 
Honours due to 1* Probibly there are several reasons. 
Tor one thing, some of the smaller uni\crsities may have 
been strengthening thtir staffs and curricula, and so have 
provided opportunities for Honours courses where none 
existed before but were badly wanted In so far as this 
was the case, it is a matter for congratulation , a university 
without Honours courses would not be a university But 
I do not think so many fresh Honours courses have been 
instituted as to explain the change \gain, it might be 
held that the universities were changing the principles 
upon which they select their students from the schools 
were declining applications from Pass candidates in order 
deliberately to make room for intending Honours ones. 
Or, if may be claimed, the schools are teaching better 
than they used \gain, perhaps the universities have 
lowered their Honours standards However these things 
may be — and I shall touch on them later unquestionably 
one of the chief factors is the preferential treatment now 
given by the Board of Education to graduates in Honours, 
when school-teaching posts are in question The Bum- 
ham Scale *' for Board of Education school teachers, laid 
down in 1921 and again in 1927, gives lifelong advantages 
both in salary and in occupation to graduate teachers who 
have what is officially termed A good Honours degree.’* 
The specification of what constitutes “ good " Honours 
vanes from one Local Education Authority to another; 
some put It at First Class, some at an upper division of 
the Second Class, some at Second Class Honours, aone^ 
as far as 1 know, extends the definition to lower classes. 


“See Tables I 11,111 



Now we have in our universities not only a large 
number of students who will later on decide to become 
school teachers, but also somewhere between 5,000 and 
6,000 students who have alindv definitely promised to do 
so Having been given four-year grents from the Board 
of Education tor the purpose, they aic pledgtd to undergo 
pedagogic training as soon as they complete their 
univeisity studies proper, ind then to enter the school- 
teaching profession It is obvious that even if the 
universities did not specially persuade these young men 
and women into Honours courses the Burnhim Scale 
would Moreover, if a student, a would-be teacher, shows 
himself to be able, but not well cut-out for an Honours 
course which he has begun, it is exceedingly hard for 
his advisors at the university to move him over into a 
Pass course, the student resists the change, in view of all 
that it would mean to his tuture career, and too often the 
university authority’s heart gets the better of his head, 
with the result that the student continues an Honours 
course from which he only gets less and less real good 
as he goes on He may hack his way into an Honours 
degree, but he spoils himself by it 

The apportionment of degree-students between Pass and 
Honours seems to me so important and to be so pressing 
a question, that I must dwell upon it In the first place, 
what IS, or what ought to be, the difference between a 
Pass course and an Honours course? Let me refer you to 
an interim report issued early this year at Cambridge, by 
the syndicate which was charged by the University to 
consider their curricula for the ordinary B A degree (I 
quote from The Times of 24th April, 1931 ) “ Anv degree 

course,” the Syndicate observes, ” has one of two primary 
objects, either to tram the candidates to think, or to impart 
usrful information ” The report goes on to say that the 
particular Pass courses with which it deals are based too 
exclusively upon the former idea; they indulge, it sa3rs, 
in a too intensive study of special subjects. And the 
report goes on to sugg^t ” that a large part of the 
[Pass] course should have in view the other object — 
namely, that the candidates shall acquire a body of 
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inturmation wl ich will hi them to take an intelligent 
interest in life 

I have qiotcd tl esc words because they appiv 1 believe 
to a verv Itrgt proix)rtion of our universities When the 
Ciubrid^L Sjndi tc spoils i tal in^ 'in intclhj^ent 
interest in lift it d es not we miy be sure have in mind 
merely persons who will require in after life to take up no 
pariicuHr occupation on the contrary if my interpretation 
of the report is right the Syndicate is anxious that their 
ordinary or poll e urscs should form a really 
valuable equipment for tl e hard working citizen of to day 
and to morrow tor the man who though he will never 
pursue original inquiry into these academic subjects for 
their own sake will utilize what he has learnt of them 
and from them in doing active work in the world 
Accordingly what the Syndicate says of its own 
University s ideals will surely be shared by any other 

Note then the bold statement of the two primary aims 
— either to train the cindidates to think or to impart 
usetul information It is especially refreshing to have 
these presented as alternatives The Syndicate by insert 
mg the word primary before aims implies I take 
It that the alternatives need not be mutually quite 
exclusive But they do represent two rival theories of 
university education which in some places come directly 
into conflict A middle theory which attempts to combine 
them both is niturally the true ideal but as a basis of 
unnersal practice it breaks down on two obstacles On 
the one hand teachers who can both instruct usefully and 
at the same time stimulate thought are rare We have 
in this country not far from a quarter of a million school 
teachers and we have some 3 000 university teachers 
will It be claimed that each and every one of these is so 
trained and so gifted as to be capable of both functions? 
No teacher can create brains but one poor teacher spoils 
many and in education both good effects and bad are 
cumulative from one generation to the next The other 
obstacle to a nation wide fusion of the two sorts of teaching 
IS obviously the student Not of course all of Chern^ 
but the majority I have heard it said that most peopict 
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are nice but stupid — but th'it was a cynic and a teacher, 
as a member of the public 1 should prefer to s ly stupid 
but nice We may believt however that among the 

select bodj of young people who are chosen for the 
universities the stupid persons our Old Men of the Sea, 
are in the minority but so also are the brilliant ones 
Among the greater part the order of nbilitv is quite high 
provided it is not misdirected \nd I must freely confess 
that I think we do misdirect far too miny I^oes anyone 
who really knows our university students in different pirts 
of the country honestly consider that as m iny as two- 
thirds of them or any majority hive tin peculiar 
aptitudes that are needed for spenalued Honours courses^ 
Yet these are the proportions that engage m Honours 
Surely it is best to admit what the Hurnlnm Sc ile seemed 
to imply namely that our Piss c )urses ha\e not been 
doing their duty We have used them too much as 
academic spoil heaps on which to cast the material thrown 
up in our digf^inL, for the special ability winch is our 
peculiar quest and it is time that we set them in )rder I 
think we have acted as if the difference between Honours 
courses and Pass courses is th it the able students are for 
Honours the stupid for Pass 

The Pass courses should be the resort of people of 
ability who do not intend to devote their lives to the 
subjects of their academic studies In saying this I am 
not pleading for potted courses of this and that, 
scissors and paste stuff smooth and easy skimmmgs those 
of you who have read Dr Abraham Flexner s account of 
the pitiful methods of some American universities will 
need no other awful warnings to be put before you On 
the contrary to present to a class during two or three 
years the basic essentials of a science to exhibit its scope 
and its trend and its relationships to other fields of learning 
and to human work in general these are the tasks of a 
true Pass-degree teacher and to carry them out properly 
demands thorough learning special skill experience, and 
patience from the teacher, and real exertion from his 
students Neither those to whom such teaching is 
entrusted, nor those who receive it should have any 
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reason tor teeling themselves less important to the 
university th in the llunuuis specialists Ihtir function is 
different their interests are different and their careers will 
be different 

I urther 1 do not see why well organized Pass courses 
should not provide fully for that difficult and almost 
unworkable ideal the G neral Honours degree in 
several special subjects at once As this stands at present, 
in the Faculty of Science it is one all consuming grind for 
the student who let it be lemembcred has long hours 
of 1 ibor'itory work when his brother in Greats can 
be reading for himself — and il either breaks a good Pass 
student or spoils a good speei ilist 1 here is nothing 
whatever to prevent suitable marks of distinction being 
granted to outstanding candidates for the Pass degree 
And if the Uoird of Lducntion would admit Pass men ot 
distinction to the status as tcicheis winch they now allow 
only to Honours specialists I feel sure that the universities 
of the kingdom would welcome it tnd would be encouraged 
to take a measure of interest in their own Pass degrees 
which at present they ire hardly free to give Whether 
this IS actuilly being considered officially I do not know 
but ft would seem to be a very fit subject for discussion 
and action between the eonkreme cf university principals 
and the Board of F ducation 

I cannot leave the muter of Pass degrees without 
referring to one other aspect of it If you agree with me 
in regarding these courses as education for able people 
who are going to do something else then 1 hope you will 
follow me a step further For under such conditions it 
seems to me essential to make Pass degree courses in the 
Faculty of Science actually what, too often they only 
pretend to be at present and that is broad I do not 
mean too broid within each science deilt with a super- 
ficial treatment is of no use — but compulsorily broad in 
the choice of subjects, in the following way It should 
be made impossible for a man to be given a Pass B Sc 
if he has not studied, at the university itself, both 
biological and physical sciences If I dared, 1 would also 
add logic, both deductive and inductive, but that, I 
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suppose mi\ be unworkable But at all events, it should 
be necessary that, whatever groups ot subjects a Pass 
student chooses, he must include not less than one year’s 
study ol biological science ind one year s study ot physical 
science Too many at present go out fiom the universities 
with no knowledge of any biology whatever \rt wc not 
all biological specimens ^ 

Wh It it is th It really decides the new student s choice 
ot subjects IS fimiliir to Lserynnt who his to idMsc them 
when they enter It is extraordinarily bird to induce them 
to turn to any subject which they have not taken it school 
If one suggests to a freshman th it he might consider (for 
instance) geology as a valuable and interesting ingredient 
of his training, one usually sees a look of blink dismay, 
or (more daunting still) ot polite dumb refusal, at the idea 
of tackling anytiung new at the advanced agt of seventeen 
or eighteen 1 he student has to be told in such cases, 
that a university is a place where new worlds of thought 
and knowledge are made accessible to him and that he 
must not eonsider that all his life is settled by the limita- 
tions imposed upon him at school ** 

It is far too common, then, that a student s university 
curriculum is merely a prolongation of his sehex)! cur- 
riculum 1 should like to see boys and girls persuaded 
quite forcibly by their school teachers to toneeive of their 
passage to a university as an intellectual adventure, not as 
a mechanical Safety First ” proceeding It is very 
natural, in these times of hard livelihood, that youths 
should be anxious for the degree-label which they hope 
will do so much for them , but I do earnestly invite school- 
masters to do their level best to make the university 
candidate postpone that anxiety, and come up prepared to 
let his mind enjoy itself for three or four years more 
He will benefit, the universities will benefit, and the nation 
will benefit 


’ Cf Tables V and VI with Tables II and II 
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Now 1 tome to our Honours dtgn.es When we say 
that the hrst object ot in Honours course is to make the 
student think, wc use i nthcr loose phrase, let us stiffen it 
Tilt Honours student, I Hkc it, must not on\y bt taught 
wh'U people know, in this science or that, he must be 
shown how thev comt to know it Thus he must learn, 
to a greater or less extent, liow lie cm untarth knowledge 
for himsclt If this puipost does not permeate the whole 
of his curriculum, then it h is surely no title to be called 
an Honours course in a science 

You mav remember what i famous mountaineer once 
said about the history of an Alpine summit At hrst, he 
said, It IS an inaccessible pcik, then it is a stiff climb; 
then an easy day for a ladv , and lastly, a run up on the 
funicular railway It is like that with scientific discoveries. 
Those students of mount tins who are not content with 
maps or with snapshots in the newspapers, but who make 
the journey to Swit7erland, ascend the vallevs, and are 
taken up to the summits m the funicular railway, are the 
Pass degree men I hey see a great deal on the way up, 
and as they watch the precipices and snow-slopes past 
which the car takes them, they can undtrstand something 
of the tasks which confronted their forerunners They 
have won a splendid landscape and a new point of view, 
and have learnt more about the framework of the world 
than they had ever guessed at, and when they return 
home and walk upK>n the Sussex Downs, or look at man- 
made skyscrapers as they go about their business, thev 
retain throughout life a scale and standards of comparison. 
But, though they have walked much and have seen more, 
they do not claim to have become climbers. This they 
must leave to the others who have trained themselves by 
long practice, who have been shown when to rope, how 
to cut steps up an ice-sIope, and whether a rock face can 
be traversed or whether it must be passed by a descent 
and a fresh start up a new ridge These, in their early 
stages, when they are being trained to use their hands 
and feet and heads on the mountain, are the Honours 
men. The process ought to produce intellectual fitness In 
all, and to lead many to a continued career of research 



That represents, broadly, the difference between Pass 
and Honours courses in science, as I see it, now let us 
examine the Honours work from a more definite point 
of view 

In the older branches of learning, such as I atm and 
Greek literature, Greek philosophy, ordinary mithematics, 
and in the more elementary parts of language-learning, 
the corpus of material is fairly defined, and his changed 
very little during many generations 1 he problem of 
selecting \ syllabus in such subjects remains now pretty 
much whit It wis when our grandfathers studied them 
Imagine Porson, I^entley ind I rasmus to be re-ineirnated 
to-day from their several centuries, as candidates in the 
examination hall of the Classical Inpos, would not the 
hearts of the examiners leap within them at the Icirnm^ 
laid before them ^ Such changes as have occurred in these 
studies have probably been in the direction of reducing 
the content, of reading fewer authors, or smallei parts of 
their writings than before Only archaeology has brought 
developments which latterly have invaded the time formerly 
given wholly to ‘ authors, and have helped to place them 
in a historical setting At all events the point is that the 
primary body of material lies in manuscripts which ha\e 
been available to the learned world at any time these four 
hundred years, plus^ of course, human nature — which has 
been available even longer 

In the sciences, as everyone is aware, the very reverse 
IS the case In physics, quite apart from the new 
mathematico-philosophtcal theories which excite laymen no 
less than did Newtonian discoveries two hundred and hftv 
years ago, the last fifteen years, and (to go no further biick) 
the twenty years again before that, were both marked by 
advances which changed greatly the whole course of the 
science In chemistry the years 1858, 1869, 1874, 1886, 
i 895> ®®^ch saw the birth of fundamental discoveries 

And besides such changes per salium, the weekly influx of 
published discovery — great or small, pioneering or 
embellishing, but all new — ^leaves the science different 
every year , and every breaking-forth in one science has its 
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repercussion upon others If Cavendish or Davy were to 
return from LIjsium to sit a paper for a hnal Honours 
degree in chemistry to-day, could they so much as make a 
beginning'* 1 vtn liunsen, who died barely thirt>-t\vo 
years ago, would stump out atlcr halt an hour 

Now if we take this crucial point during a scicntitic 
training the final Honours degiee-eKammation — it comes 
a., the end ot three (somelinits tour) yetrs of the student’s 
residence at the university, just as it did a generation or 
two ago, but the qu mtiiy ot muttr now required to be 
covered by the t indidaU is t ir more than it was In my 
own subject I slioiild guess tint the inert volume of know- 
ledge reckoned as of thi hist import inte for tin degree- 
student has doubled during the present century , one 
generation of men, ten generations of university students, 
and It IS signilu mt for school poluy the whole life- 
time of the Board ot Eduiition, which has still to catch 
up with older tendcneits let alone keeping pace with new 
No branch of natunl science will ever cease to expand, 
and expand furiously , and with this awful fact before us, 
what IS going to be done about il in our future degree- 
courses ^ 

Thelide of science is mounting now more swiftly than 
ai any time in human history, and while civilization 
continues it will never ebb, and we have reached the 
moment when its flood can no longer be pient behind the 
barrier of a degree-examination Indeed, that moment has 
already passed, for what employer, either academical or 
industrial or of the State scientific services, will now 
engage any Honours graduate who has not gone on with 
two years of postgraduate university research, and proved 
himself in it f The Honours B Sc is by itself of no 
professional use , the Ph D , or at any rate the work which 
leads up to it, is. 

I must not linger over this vital question, but we must 
note that any large educational policy which attempts to 
help the supply of trained scientific men must henerforth 
contemplate a period of university residence lasting not 
three years, but flve. It is not merely that five years would 
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be desirable; li\e >ears are in fact already obligatory for 
effective professional qualilication.^ 

We who cairy on Honouis couiscs at the university all 
have different metliods, and rightly so- Hut we all have 
a common battle to fi^ht against one result ot this swelling 
flood ot GUI various scietues. In tliese inelastic three 
yeais we are apt to leel so much that we must get in 
this topic and that, and surely cannot let our students go 
out without having heard lectures on that other, that we 
have great difficulty in not defeating our own aims by 
overfilling the time-table. Over-lecturing means lobbing 
the laboratory ; and it means encouraging the student in 
what IS the very antithesis of science — the “ set books *’ 
habit, as opposed to real reading; but also it makes him 
forget that books and lectures are meant to supplement 
experience, not supplant it. All external examiners in 
my subject — and, 1 am told, in others likewise -have met 
those batches of degree-candidates from whom script after 
script produces the same coached-up answers from So-and- 
so’s text-book (or else, alas! his lectures); tours de force 
of pure memory, relieved at too rare intervals by any signs 
o^ real understanding and criticism, and still more rarely 
by evidence drawn from the student’s actual experience. 

Vou feel inclined to quote Mr. Kipling’s Tomlinson : 

"This I have read in a book/' he said, 

" and that was told to me " 

And again — 

The Devil he grinned behind the bars, 
and banked the fires high: 

" Did ye read of that sin in a book? " said he; 
and Tomlinson said, " Ay I *' 

I suspect that poor Tomlinson was originally a worthy 
schoolboy who was unnaturally pushed into an Honours 
course at his university and found it too much for him. 
Perhaps he even got enough marks to gain Honours at 


^ For statistics of advanced students see Table IV. 



tilt linu bill ncithti htutn nor liell \v inttd him after- 
waids ind inorto\tr il w is li irdly t ur to the rtal Honours 
men 


1 he picture ot tut whuh I i n tiyin^ to pul before you 
would be quite unbalinttd il hivin^ shown you some- 
thin^ ol ihc unueisity courses I neglected the founda- 
tions up n vhich they in built 

I h ivi pointed out low I he i ipidl) risin^ I de ot know- 
ledge in i science h is in our time begun t > burst through 
the binicr ot the Hun uis degr t e\iminition ind have 
urged the need tor i free ind pi ictical le ognition of this 
Meinwhile howe\er, the dunmin^ up process at one end 
has rolled bick it the other some of the flood beyond the 
universities into the schools which have thus found them- 
sehes more ind more submerged in the deep waters of 
premature specialization The underlying cause is, 
as 1 ha\c siid inevil ible irresistible ind increasing in 
strength wc can therefoic hive no hope of it reaching 
an equilibrium with its education U consequences, unless 
we consciously alter the educational conditions and do so 
without delay Within the university the changes which 
I believe necessary are on the one hind the transference 
to three-year Pass courses of many who now are forced 
into Honours usually by reason of the Burnham Scale on 
the other hand, the official and private admission of the 
fact that to secure professional qualiflcation in a science 
requires five years — three or four before the full examina- 
tion, two or one more of research and free reading before 
the final recognition These two changes together would 
enable us to transfer from the schools a great deal of the 
burden of specialization which they rightly deplore This 
specialization has been increasingly felt and publicly 
lamented and debated for years but I think no realtor 
important executive body has yet taken practical steps to 
rectify it on a wide scale and meanwhile it has inevitably 
increased In the diagnosis and the practical remedies 
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which I h'lve here outlined the active steps would be tiken 
by the universities prefeiably in concert and it may at 
first sight be nsked why should the universities take all 
this trouble in order to get schools out of a theoretical 
difficulty? Well enough has perhaps ilready been said 
in this address ot the troubles felt b) universities them 
selves under their piesent svsteni to justify i change in 
that sj^stem they would get themselves out of many 
difficulties Yet there is more 

The univtrsities ha\t a right to stipuUte that all their 
entering students shdl have received a school education 
which shill at least give them — to use words which the 
Cambridge Syndic iU uses of a more adult stige — a 
body ot inform ition which will fit them to tiki an 
intelligent interest in life In order to ensure this and 
with due regard to the youth of the would be entrints 
universities hive had their several matriculation examina 
tions Now however these tests have very largely been 
abrogated in favour of one or other (or both) of the School 
Certificate examinations and there are certain aspects of 
these certifying tests which (however familiar they may 
be to many) 1 should like to dwell upon 

Consider first the School ( ertificate The various 
boards which control this throughout the country are 
manned chiefly by university delegates but they have to 
legislate for a very wide diversity of candidates relatively 
few of whom will ever contemplate entering a university 
Some 6o ooo pupils take School Certificates every year, 
against lo ooo who enter universities The needs of the 
five-4ixths might be met and the ability of the academic 
one-sixth might be attested sufficiently if matriculation- 
exemption were granted for performances showing a higher 
understanding, and for subjects covering a broader range 
than for simple certification In point of fact a somewhat 
higher standard of marks scored ( ' credit ’ as against a 
simple ** pass ’ ) is what is exacted The breadth of 
subjects studied is, I think, much the same for the average 
matnculation-exemption as for the simple certificate 
Broad as it is in theory, I would ask your patience to look 
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for a moment at the actual choice of studies » and in doing 
so It IS especially important to remember that though the 
certihcatc is not actually handed to a candidate under 
sixteen years of age, the average age of taking part in the 
examination is, 1 understand, about fifteen and three- 
quarters 

1 have tabulated (Fable V) for June, 1929— a truly 
typical year of recent times — the list of subjects studied, 
and for each subject the number ot candidates who took 
It, expressing that number as i percent ige of the aggregate 
of candid ites in ^II subjects together Further, I have 
given these figures for two sets ol e indidates The first 
column IS for the Oxford 'ind Cambridge Board s tests, 
and consists essentially of boys from the recognized Public 
Schools represented at the Headmasters Conference 
Included with them however, to the extent of about 8 per 
cent of the candidates, are girls from various schools , and 
a fairly high proportion about 20 per cent — of candidates 
who came from Secondary Schools The second column 
of figures IS for all the remaining candidates in England 
and Wales, irrespectively of which Board s examinations 
they took 87 per cent of them are from Secondary Schools 
The two columns, then, refer to 

(t) Almost wholly boys, three-quarters of them Public 
School boys and covering all the Public Schools 

(2) Boys and girls in about equal proportions, nine- 
tenths of them from Secondary Schools, and cover- 
ing almost all of the Secondary Schools of England 
and Wales 

It will be seen that English, French, History, and 
Elementary Mathematics are studied by almost everyone 
up to this stage As to Latin, two-thirds of the Public 
School boys take it, less then forty per cent of the 
Secondary pupils do so in Gr^k the discrepancy is 
greater still On the other hand, Geography is taken by 
over two-thirds of the Secondary pupils and by under one- 
third of the others Before noticing specially the scientific 
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subjects, we may observe the very marked contrasts shown 
under the entries for Drawing or Art (44 per cent of 
Secondary boys and girls, 6 per cent of Public School 
boys), no doubt this is connected with the much higher 
proportion of girls among the Secondary pupils, which 
affects Botany in a similar way I shrink from interring 
that painting flowers may still be with us as a polite tern ile 
accomplishment ^ 

Ihe paucity ot pupils in German only one in eight of 
Public School boys, only one in sixteen of Secondary 
pupils — strikes one with dismay I have no sentimental 
bias in this direction , rather the contrary , surely, however, 
for any professional m in and for any business man German 
should rank level with I tench ? ^uite apart from 'iny 
question of the relative values of the two literatures, it is 
certain that to be unable to read German, or to read it only 
painfully, is to be cut off from quite half of the learning 
and work of Europe One is constantly struck with this 
lamentable fact, as well among the younger generation of 
scientific people as among many of an older generation of 
literati How it may affect commerce I do not know, 
though anyone can guess, but I do plead, it only on 
utilitarian grounds, for schools to do their very utmost 
to get rid of the clashing “ Greek or German or 
Chemistry** entry which so often occurs in their time- 
tables, and which prevents a very large number of pupils 
from beginning German at the very age when they can 
with least difficulty attack it Personally I would willingly 
see sacrificed for this purpose part of the French, or all of 
the Chemistry — none of the English and Latin 1 - now 
being studied at the School Certificate level You will pro- 
duce better students of French, of Greek, and of any other 
language, better chemists, and even (heaven help us 
better “ Salesmanship * True, the training at our 
universities of English men and women as teachers of 
German must be made to increase if this is to be done, 
it IS extraordinary to find that in 1929, for instance, out 
of some 4,600 Honours graduates (and notwithstanding 
the Burnham Scale) only 34 took German as a final 
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subject The number who took titnch was 428 

Regarding the scientihc subjects in the list, as a 
chemist 1 deploic the extraordin iry number of children 
well under sixteen who study chemistry lhat simple 
science must be tiught to all ot them goes without saying, 
but tor young people under sixteen, to ditierentiate and to 
develop the branches ol physit 1 science is much as is 
done strikes me is quite irtitieial Here we have, in the 
Second'iry Schools, only 1 5 per cent taking General 
Science —the Public Schools ire not quite as bad, only 
^ per rent t iking a composite Physics and Chemistry ” 
as igainst the much more reasonable 25 per cent of what 
may be enssed 'is Public Sihool c'lndidates and the very 
low proportion of one pei cent or less taking Biology, in 
either kind of school On the other hand, no tewer than 
43 per cent of the Second'iry School pupils of ages from 
eleven onwards, take chemistry is a whole subject A 
number of them it would seem either do not study 'iny 
other science, or else study some specialized subdivisions 
ol Physics 

I Lt me m'lke no bones about this early juvenile school 
chemistry a great deal of it is worth very little indeed 
A great deal of it is taught by those unlucky (because 
misdirected) persons, the Honours graduates in chemistry, 
who ought to have been given a good bioad Pass course 
which would have afforded them a reasonable perspective 
P IS in no way their fault if you turn out a specialist to 
teach youngsters, can he be blamed if he transmits the 
only thing you have equipped him with ? I make no 
apology for selecting chemistry for special comment, 
because the universities produce far more Honours 
graduates in chemistry alone than in any other expert* 
mental science and nearly as many as in all the other expert* 
mental sciences put together (In less favoured sciences 
the problem is not nearly as acut^ ) It is the legacy of a 
mistaken parental idea that chemistry is a paying 
profession with plenty of openings attainable after a three* 
year course, and this mistake, coupled with the Burnliam 
Scale, has on the one hand cast upon the schools from 



the university a great many stickit chemists and on 
the other has both encouraged and enabled the schools to 
generate still more of them I feel so certain that all this 
IS true and that much harm is bem^ done by it that 
plain speaking is the only stimulus to action the matter 
really does need to be brought to public notice 

To sum up the Schools Ccrtihcatc in its function is a 
university entrance examination 1 believe it is widely felt 
that It IS broad enough subject to the definite criticisms 
1 have made but that it meisures general culture at tco 
early an age to warrint academic suitability later on 

The Higher School Certihcatc on tl c other hand as 
the most important substitute for the university matncula 
tion test needs broadening this is dchnitcly held by a 
great number of those who are most nearly concerned 
with It Tilt statistical facts as to cho ce of subjects 
presented much as for the ordinary School Certificates are 
given in Table VI at the end but a more import int tact is 
this In many of our universities though not in all of 
them the possession of a Higher Certihcate in Science is 
more than a qualification for entrance It exempts its 
holder from some or all of the first (Intermediate) year of 
university work and so enables him to begin an H nours 
course in a science Now it is an uncomfortably frequent 
experience in those provincial universities which dnw 
much upon Secondary Schools that students peter out 
after about fifteen or eighteen months and the reason for 
this distressing phenomenon is quite plain The achieve- 
ment of a Higher Certificate is nearly always a heavy 
effort naturally but in all these particular cases it was 
won through memory coaching and by dependence to an 
extraordinary degree on the %pse dixit^ of masters and text 
bo<^ No examination yet invented can quite frustrate 
the resolute memonzer but one of the hardest tasks of a 
university Honours teacher is to nd the average student 
of to-day of the ingrained notion that the teacher s word 
IS the alpha and omega of knowledge to make him realize 
that things and events not persons and books are the 
source of vientific information that abstract theories and 
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important generalizations in his own science are valueless 
to him, unless he can both derive them from observed fact, 
and conversely, apply them to observed fact. A student 
who has been filled with inductions of which the premises 
are beyond the nature of his practical experience, has been 
well set on the road that leads him to the antipodes of 
science. With students brought up in this way — and they 
are very, very many— our weary task is to make them 
replace the attitude expressed by Mr. Hilaire Belloc : 

And it must be so, because 
Dr Dumblc said it was, 

by the free principle upon which the whole of science is 
founded : 

Nulbus addtctuh turare tn verba magistn. 


There is much more, of a constructive nature, to be said 
concerning university entrance tests; but I shall stop. 
You will not, I hope, accuse me of Jeremiah-like complain- 
ings.. I know that the succession of educational sieves 
through which we put youth must always leave a fairly 
large residuum at each stage, else there would be no need 
to have sieves at all. What I undertook to discuss in this 
lecture, however, was “problems"; and in education, 
a problem means something to put right. That is why I 
have emphasized, with as much sense of proportion as I 
can command, the main things which appear to me to 
need putting right. The sytem of sieves as it works at 
present lets through— /orces through — more material from 
stage to stage than would piass of its own accord, and the 
finer meshes are getting clogged in consequence; while 
material which should be retained as valuable is being 
cast away as dross because it gets into the wrong receptacle. 

I would sum up the practical remedies which I have 
here partly surveyed, thus : 
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(1) Broaden and simphty the elementar} science that is 
now taught up to School Certihcate level , incident- 
ally, foster German at this period Finally ibandon 
the School Certihcite as a sufficient criterion of 
suitability for university entranee 

(2) Widen the scope of the subjects required for 1 
Higher School Certihcate, lessening their intensity 
accordingly, and keeping to the fore English, 
especially, and modern languages ilso Utilize the 
results for university entrance to in ordinary farst 
year 

(3) Reform the Pass courses in science in the ways out- 
lined , transfer to them many good students who at 
present enter Honours especially for school-teaching 
purposes, provided that the Board of Education 
will correspondingly change its present preference 
for “ good Honours degrees” to a preference for 
” Pass degrees with distinction ” 

(4) Recognize, both parentally and officially, that an 
Honours science degree is meant for those who will 
practise a science, and that the present state and 
future growth of the sciences demands university 
residence lasting five years before the student can 
attain professional status for this purpose 

Much that I have said is common talk, some points may 
be contested, not all of it applies to each institution, 1 
have intentionally ignored questions of science for medicine 
and engineering , and obviously much important detail has 
bad to be passed over But I have tried to put before you 
a coherent view of what ought to be, as well as insisting 
on what ought not to be The future of our nation and 
others depends as much on the spread of accurate think- 
ing as It does on the spread of material powers, and 
nothing is more important for our destiny than the right 
use of scientific education, which compasses both 
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POINTS BROUGHT OUT BY THE STATISTICS 


Table 1 shows how in late yt dr> Hon lurs graduations have risen 
and Pass degrees have fallen to a level number m England 
and Wales The two lowest sections of the table put the 
relations of Honouis to Pass concisely 
Table II refers to Honours graduations alone (for England 
Scotland and Wales) and shows the changes m these during 
the past four years in each of the mam faculties or groups 
of faculties Those m Pure Arts form about a half of 
the whole those m Pure Sciences form about a quarter 
and have been increasing slowly and steadily 
Table III shows these same graduations m Pure Science alone 
m detail m order that their distributions among subjects 
may be seen It will be noted that Mathemabes Physics 
and Chemistry between them account for over three 
quarters and that there has been a definite fall m chemical 
graduabons and a nse in mathematical each of these two 
now accounting for one third of the graduabons 
Table IV refers to Advanced students only i e essentially 
postgraduate Seebon A shows that in the aggr^ate (aU 
faculties) the numbers of these have tended to nse latdy 
those m the Pure Sciences have had no definite trend but 
form about 45 per cent of the whole The distnbubon 
of postgraduate saence students among the mam branches 
of science is ^own m Section B Here it will be noted 
that one half of them are chemists Compared with the 
distnbubons amon^ the Honours graduabons (Table III) 
Mathemabes occupies relabvely few postgraduate workers 
while the other sconces provide about the same proporbons of 
the advanced students as they do of the Honours graduates 
The advanced students are partly composed of graduates of 
umversities outside Entain and are thus not wholly drawn 
from the persons enumerated in Tables I HI 
Tables V and VI refer to work m schools and are commented 
upon in the text pp 19 23 

The sources of the data here tabulated are for Tables I to IV 
the annual Returns from Umversittes and Unwerstiy Colleges 
issued by the UmversiW Grants Committee through H H 
Stationery Office for Tables V and VI the annual lists and 
stabsbes published by the Oxford and Cambndge Schools 
Exammabons Board and the annu^ report published by the 
Board of ^ucabon Education tn igag 

The figures given here have mostly been brought together 
and reckoned anthmebcally from the data m these pubhcations 
not copied directly I am therefore re^ionsible for any numerical 
^ps which are not present m the ongi^ pubheabons 



TABLE I 

ENGLAND AND WALES 

HONOURS AND PASS DEGREES 


Year ending 
* June 

1024 

1925 

1 

1926 

1027 

1928 

1929 

1930 

Total full-time 

32,430! 32,024 

31 963 .32 256 32,551 

33.362 

34,411 

students 


1 






Hon. & Pass 
Degrees. 








Men 

5043 

1 4550 

4396 

4377 

4431 

4555 

4739 

Women 

2422 

2052 

2054 

2042 

2106 

2040 

1823 

Total 

7465 

1 6602 

6450 

6410 

6537 

6.595 

6562 

Hons. Degrees 

Men 

2012 

1 

2605 

2525 ' 

2564 

2715 

2844 

3038 


1439 

1133 

1149* 

1423 

1513 

1455 

1308 

Total 

4351 

3828 

3674 

3987 

4228 

4299 

4346 

Pass Degrees. 








Men 

2131 

1855 

1871 

1813 

1716 

1711 


Women 

983 

919 


619 

693 

585 

616 

Total 

3114 

2774 

2776 

2432 


2296 

2216 

Bieeu of Hons, 
over Pass Degs. 








Men 

781 

840 

654 

751 

909 

1133 

1337 

Women 

456 

214 

244* 

804 



793 

Total 

1237 

1054 

898 

16Q6 

1919 


1 2130 

Batio of Hons, 
to Pass. 

Men 

1-37 

1 -45 

1-35 

1 

1 1-41 1 

1-58 

1 

1-66 

1>79 

Women 

1-46 

1 

1-23 

1-27* 


2-55 

2-49 

2-64 

Total 

1-40 

1-38 j 

1-33 

1 

1 1-64 

1-83 

1-87 



* Before tw, the classification of some of the women graduates 
as Pass or Honours was not ngid, a comparatively small number of 
tlkem were probably rated as ** Pass ** when thev were actually 
Honours gtmauates 
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TABLE II 


ENGLAND SCOT I \ND AND WAITS* 

ANALYSIS OF HONOURS DEOREES ACCORDING TO 
FACULTIES 


Year ending June 

1927 1 

1028 

1920 

1030 

Pure Arts 

Men 


1273 

1264 

1462 




1037 

1047 

1133 


lotal 

2246 

2310 

2311 

2596 

I^w Econ 

Men 

260 

430 

486 

627 

Educ etc 

Women 

21 

24 

38 

40 


Tot-U 

281 

454 

523 

667 

Total Arts, eto 

Men 

1562 

1703 

1749 

1989 

Women 

905 

1061 

1086 

1173 

i 

Total 

2627 

2764 

2834 

3162 

Pure Sciences 

Men 

019 

944 

904 

1027 


Women 

270 

276 

258 

271 


lotal 

1180 

1219 

1252 

1298 

Med £ng Asnc 

Men 

464 

448 

466 

442 

etc 

Women 

9 

13 

19 

26 


Total 




468 

Total Sdenoes, ete 

Men 

1383 

1392 

1460 

1460 

Women 

279 

288 

277 

207 


Total 

1662 

1680 

1737 

1766 

AGGREGATES 

Iden 

2045 


3209 

>3458 


Women 

1244 

1349 

1362 

1470 

1 

1 

Total 

4189 

4444 


mgm 


figniM for Bni^and and Walm an not obtauubln bwn 
M pabUdied <fittn 
































TABLE III 


ENGLAND SCOTI AND, AND WALES* 

HONOURS DEGREES IN PURE SCIENCE, ACCORDING TO 

SUBJECTS 

Percentage Dtsirtbuitons 



1927 

1928 

1929 

1930 


Percentages of the year 

1 ] 

8 Honours Graduates * 

1 

fMathematics 

27 4 

27 3 

29 9 

31 9 

Physics 

17 4 

16 0 

13 6 

16 8 

{Chemistry 

404 

37 4 

36 8 

11 9 

Botany 

0 1 

89 

86 

90 

Zoology 

1 5 

32 

40 

33 

Physiology 

1 7 

67 

64 

56 

Geology 

26 

1 6 

28 

26 


100 0 

100 0 

100 0 

100 0 

Actual No so 
specified 

816 

971 

991 

1002 


• Cootttmg only those whose degrees were in n named science 
General Honoon and Natnxml Sciences are not inclnded in 
this table but they ate in Table II 

{ With which are pat Mathematical Phyncs and Astronomy 
Rachiding technological chemistry 
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TABLE IV (A) AND (B) 

ENGLAND SCOTI AND AND WALES 

FULL-TIME ADVANCED STUDENTS 
(A) General 


Year ending 
June 

1924 

1927 

1926 

1927 

1928 

1929 


Total full time 
students 

42 892 

41 794 


42 374 

41262 



Advanced all 
subjects 

2137 

2 123 


■ 



2128 

Advanced Pure 
Saences only 



897 

863 

870 

872 

883 


(B) Percentage Distributions 
of fulUtime Advanced Students in Pure Science according 

to subjects 


Mathem^ical 

Physics 

Chemistry 

Botany 

T^logical 

Physiology 

Geological 

Actual number so specified* 


66 

7 2 

76 

7 6 

16 6 

18 9 

21 3 

16 0 

62 9 

48 5 

469 

603 

10 0 

11 6 

84 

90 

66 

63 

74 

7 6 

39 

3 1 

44 

46 

66 
100 0 

44 
100 0 

40 
100 0 

41 

100 0 

863 

868 

867 

876 


*Tbe diacnpancue betw e en this row of fignna and that at tibe Coot 
of (A) above are dne to the inclusion in (A) of advanced students in 
unnamed Pure Sc ien oee 
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TABLE V 

SCHOOL CERTIFICATF CANDIDATURES 


July, 1929 


Subject 

Percentage of t 
offering the 

otal candidates 
subject 

(1) Oxford and 
^ Cambridge Board 

(2) Other 

Boards 

English 

96 

100 

History 

1 84 

88 

Geography 

12 

70 

Scxiptore or Rehgious 
Knowledge 

56 

22 

Eatin 

67 

40 

Greek 

18 

2 

French 

1 99 

06 

German 

12 


Italian 

2 

Russian 

0 


Spanish 

3 

1 

Arabic 

0 


Welsh 


5 

Mathematics, Elem 

99 

93 

Higher 

24 


General Science 

11 


Natural History 


1 

Physics and Chemistry 

25 

3 

Biology 


1 

Mech^cs 


4 

Physics 

10 

271 

Chemistry 

22 

43 

Zoology 

, i 


Botany 

\ 

26 

Geology 

i 


Heat, Eight, Sound 


6 

Electncity and Magnetism 


4 

Music 

i 

H 

Drawing, Art 

6 

44 

Domestic Science 


1 

Economics 

1 

1 

Number of candidates 

6,774 

52,810 

lududes from Sec Schools ' 

1 1.S66 

45,844 

„ Others 

1 0,208 

6,966 












TABLE VI 


HIGHER SCHOOL CERTIFICATE 
CANDIDATURES 


July, 1929 


(iroup 

1 

Percentage of total candidates 
offenng the Group. 

' (1) Oxford and 
Cambridge Board 

(2) mher 

Boards 

1 

Classical 

1 

1 24-3 

4-0 

Modem Studies 

36-4* 

62-7 

Total “ Arts ” 

59-7 

56-7 

Mathematics 

13-7 

2-7 

Science 

200 

30-0 

Total “ Science " 

40-3 ' 

' 41-7 

- 

100-0 

08-St 

Total No. of candidates 

mmmm 

6,905 


* Of whom 7*6 took a Clawical Language together ¥ath, eg.» 
English or History. 

t Including 758 candidates also incladed under column (3). 
t The remaining 1*5 per cent took Group H m the London 
University's exammations, in which Geography Is the principal 
subject. 
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THE IHEORY OI THE COl D-I R \ME 
By Proi G W Todd m a d sc i inst i 


It appears that no attempt his ever been made to 
estimate greenhouse temperatures thcorctic-illy bv the 
application of the established Iiws of radiation In view 
of the fact tliat the greenhouse is indispcns'ible part of 
the horticulturist s equipment this absence of investigation 
IS surpnsing Still more surprising is the absence of 
systematic tempierature observations for varying conditions 
of external temperature, sun altitude, sky wind, and so on 
The object of this paper is to develop in equation which 
gives the relation between uncovered-sod temperature and 
glassKTOvered sod temperature in terms of the radiation 
incident on the Earth s surface and to calculate from it the 
temperatures likely to be attained in a cold-frame or un- 
heated greenhouse The method could be used to test 
the relative values of other trinspircnt materials when 
used as greenhouse coverings 

Nature of the problem 

Let us get an idea of the nature of the problem by 
considering an ideal case Assume an infinitely extended 
horizontal sheet of glass over a horizontal layer of sod, 
the latter being considered a full radiator Let there be 
no heat interchanges except by radiation 

Let the rate at which energy of radiation (sunlight) 
falls normally on the glass be S Of this rS will be 
reflected, aS will be absorbed, and tS will be transmitted 
through the glass Hence 

r+a + t=i 

Let the radiation from the sod be R per sq cm per 
second When this reaches the glass, r^R will be reflected 
back to the sod, a^R will be absorbed by the glass, and 
tjR will be transmitted through the glass Again 

r, + aj + t,= i 



Now wc may regard each unit area of the soil as 
receiving from, and emitting to, each unit of glass Thus 
the glass absorbs aS from above and a^R from below, 
i.e , a total of aS+a^R, and if equilibrium conditions 
exist, the glass will also radiate this amount For the sake 
of argument let us assume that it radiates equal quantities 
up and down In equilibrium the radiation from the soil 
will be equal to the receipt from above, i e , 

R = tS + r^R + J(aS + a^R) 

a 

t -I — 

— — S since ri=l — ai — ti 

ai 

^ 4 * 

2 

Now it IS tht absolute temper'iturt of the soil when 
the glass is absent, and 6 ^ the absolute temperature when 
the glass is above the soil, then Stefan s law gives 



Glass transmits a very high percentage of visible 
radiation and therefore absorbs a very small fraction For 
approximate estimation we will take t= 96 and a=: 03 . 
On the other hand, practically no low temperature or long- 
wave radiation is transmitted or reflected It is mostly 
absorbed by glass. We will therefore take t^^o and aj>= i . 
Putting these values into the last equauon gives 



Thus if the soil temperature without the glass cover Is 
10^ C (383^ A.), the temperature of the soil under glass 
will be (i 18 X 283)® A. or 61® C. 
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We have ignored the possibility of multiple reflections 
between soil and glass and we have made the assumption 
that the glass disposes of its absorbed radiation equally 
upwards and downwards 

Let the soil reflect a fraction p of the short-wave radia- 
tion which reaches it via the glass taking account of the 
first reflection only, the equilibrium equation becomes 


K— tb ptS+riR"l-i(aS+'iptS + aiR) 


or R“ 



i 


+ pt 


a 

1 

2 


ai 



Is 


Taking the high value ooi for p, and giving t, t^, a, a,, 
the same values as before, we And 



which IS imperceptibly less than the previous result We 
shall therefore ignore multiple reflections between soil and 
glass 

If the glass emission is not equally divided up and 
down, let the amount sent down be ^ (aS + a^R) Then 
we find 



In all probability, however, n will not be very different 
from a, and we propose to take that value in all that 
follows 

Further coustderaitons 

Having indicated a method of attack on the problem 
of determining the temperature inside a cold-frame by a 
preliminary examination of a somewhat ideal case, we 
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now proceed to a more quantitative cximination In the 
preliminary examination \vc have absumed the glass to 
have constant coefficients of transmission, absorption and 
reflection for the external incident radiation, and also con- 
stant but different coefficients for the soil radiation 
\ctually these coefficients vai} continuously with the 
wave-length The glass thicl ness must be a factor 
influencing the values of the absoiption and tnnsmission 
coefficients We have to considti 'ilso the effect of thfe 
Sun’s altitude on the tot il ridntion incident on the glass 
of the cold-frame 1 he itmosphere itself sends radiation 
down to the glass, and like the glass, it also has a “ cold- 
frame ” effect on the soil Many other factors affecting 
the inside temperature of a cold-frame can be added to 
those just mentioned, but we shall dismiss most of them 
because their effects are insignificant 

We will consider first the incidence of radiation due to 
the atmosphere This will vary with the temperature and 
with the state of the sky (whether cloudy or clear) We 
shall deal with it, for a clear sky and constant atmospheric 
temperature, by introducing a constant into the equilibrium 
equation If the radiation incident on tl e glass from the 
atmosphere is K, since it is low-temperature or long-wave 
radiation, we put it into the equilibrium equation thus 

R = tS -h tiK + r^R ”1" + OjR + «4R) 


a 

t + ~ 

whence R — S ■ - ^ + K 



Let us now examine the variation of the coefficients of 
transmission and absorption with variation in wave-length. 
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Let the coefhcients for a wave-length A be , a\ and 
rx , then we have tx + ax + rx = i Denoting the incident 
monochromatic radiation from the sun by Sx the total 
Sun radiation falling on the glass is 

/•oo 

s - /q Sx dA 
/ “ 

The glass transmits tx Sx dA 

and It absorbs L a\ Sx dA 

The radiation coming up from the soil is 

f<X> 

R= Rx dA 

and of this, the glass transmits 

/ oo roo 

^ txRx d A and absorbs ax Rx dA 

Thus the radiation absorbed by the glass from above and 
below IS 


ax Sx dA + ax Rx dA + ai K 

Equating the receipt by the soil to its emission, we have 
for equilibrium conditions 

Rx dA=/^ tx Sx dA 4*tiK+ r\R\ dA+ 

i[C “X + lo 

neglecting losses by conduction and convection Rearrang- 
ing the terms gives 

If the relations between the coefficients and wave- 
length were known, it might be possible to solve this 
equation. In the absence of known relations, we must 
attempt a graphical solution from the available informa- 
tion. 



Graphical method of solution 

In the first place we have to remember that the Earth’s 
atmosphere absorbs a considenble proportion of the Sun’s 
radiation before it reaches the cold frame The absorption 
IS mainly m the short-wave region Lsing the results of 
Langley and Abbot we have plotted fig i, showing the 
fraction transmitted for zenith Sun The curve has been 



extrapolated in both directions on the assumption that the 
very short waves are completely absorbed and the very 
long waves easily transmitted by the atmosphere 

The upper continuous curve in fig 2 gives the energy 
emission in ergs per sq cm per sec from a body at 
6000^ Abs I 1 e , the emission from the surface of the Sun, 
and It has been calculated from Planck 5 well-known 
formula 


E 


A 




hv 

hv/kT 
S — 1 


Pig 3 shows the emission from a body at 300^ Abs. 
(an easy figure to take for the temperature of the Earth'a 
surface) calculated from the same formula 








o 


Xx/O 
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The second continuous curve m fig. 2 gives the propor- 
tion of radiation reaching the glass after atmospheric 

absorption^ calculated from fig. 1. The integral j^S\,dk 

is proportional to the area under this curve. 

If It IS required to make comparisons between and 
Hx in figs. 2 and 3, the ordinates of fig. 2 must be reduced 
to give radiation incident on unit surface of the Earth. 
Taking the radius of the Sun as 0-695 x 10" cm., and its 
distance from the Earth as 1-494 x 10” cm., the radiation 
from I sq.cm, of the Sun’s surface falls on (1-494x10“/ 
0-695 X sq.cm, of the Earth’s surface. The ordinates 
in fig. 2 must therefore be multiplied by 0*216 x 10*^. 

Experimental investigation concerning the transmission 
of radiation through glass covers a region of wave-lengths 



from the ultra-violet to about 4/i in the infrared. Express- 
ing the results, for ordinary glass, in the form 
I^=Io a* 

where I is intensity and t is the thickness of the glass, the 
values of a for different wave-lengths ire shown in 
fig. 4. The curve beyond 4/1 is purely fictitious because 
of the absence of data. 
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By using fig. 4 we are able to calculate the radiation 
transmitted through glass of known thickness when the 
character of the incident radiation is known. The dotted 
curves in figs. 2 and 3 have been so calculated and they 
show the radiation transmitted through glass of 2 mm. 
and 4 mm. thickness. It will be observed (fig. 2) that 
practically all the radiation, incident from the outside on 
to the glass, is transmitted. The areas enclosed give the 
total energy values. 


Let us put 



and 



ae Sx .dX 



dX 


If we neglect reflection as insignificant, so that a= i ~ t, 

/ CO rao 

tx Sx .dX and / Sx-dX from 
0 Jo 

fig- 2 in order to get both t and a. 

In a similar manner we can find from fig. 3 the values 
of t^ and a^ for the coefficients of transmission and absorp- 
tion of the soil radiation. These latter correspond to a 
soil temperature of 300° Abs. and we shall assume that 
their values do not change appreciably for the various sml 
temperatures likely to be found under glass. 

The “ cold-frame ” equation therefore becomes 
( ") = { -) + (t. + ^) K 



/ Rx .dX 
f Sx .dX + K 


giving 
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/ 


J Sx d\ 


t + 


b\ dA + K ti + 


T " /■■ 


Sx dA + K 


[rri •'* + ''] 


^Sx dA + K + 


We now proceed to the graphical determination of the 
constants from hgs 2 and 3 

From fig 2 

The area of the curve for glass of 2 mm thickness is 

foo 

Jq Sx dA = 640 small squares 
and the area for glass of 4 mm thickness is 620 small 
squares We find also that 

/oo 

Q Sx dA = 650 small squares 


Thus t for 2 mm glass 

® l> •! »» 

And t for 4inm glass 

^ fi ft If 


^640 

650 

= 016 

"" 650 
= 047 


984 


953 


From fig. 3 

00 

For glass of 2 mm thickness/ tx Rx dX = 174 small squares 


ff »» tt 


II I# 63 

Also / Rx dX = 593 small squares 


4mm 
00 


Thus ti for 2 mm glass “593 ” ^93 

• II II II “ 707 

And ti for 4mm glass “ 393 ^ ‘^06 

• II II II ^ 894 
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Taking the value of Stefan’s radiation constant as 
6ox iO“^ erg cm “ sec ^ and the mean temperature of 
the 1 arth’s surface is 2S0 \bs , wt get 

K=6 o X 10 * X 28 o‘ ergs tm * sec “"* = 3 6 x ro’ 
ihe substitution ot these constants in the “ cold- 
frame ” equation and the measurement of /S\dAfrom 
fig 2 will now give us the ritio of the absolute temperature 
of glass-covered soil to that ot uncovered soil, for zenith 
Sun 


00 

I Sx d\ ~ 650 small squares 
0 

= 14 ^ 10'' ergs cm ' sec“^ on the 
Farth s surface 


Whence for 2 mm glass 

f^Y= - I 992 

Vtf 14 X 10“ + 3 6xin«L 646 


14 X 10* + 3 6 X 10“ 


0 


I 09 


And for 4 mm glass 

/^•y 1 

\e ) 14 X io“ + 3 6X10“ 


[ 976 
553 


14 X 10“ + 3 6 xio“ 


] 


The ratio e^/B appears to reach a limiting value as 
the thickness of the glass increases, and there is little to 
be gained by increasing the thickness beyond that usually 
found on a greenhouse or cold-frame 


Effect of vanatton of 5«n'r altitude 

The results we have just obtained hold only for zenith 
Sun. In countries where cold-frames are necessary, the 
maximum altitude of the Sun is considerably less than go**, 
and we have now to investigate how the ratio tfj$ u 
affected by atmospheric absorption varying with the 
altitude of the Sun In obtaining an estimate of this effect 
we shall assume the atmosphere to be a homogeneous layw 
over the Earth’s surface 
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Let S be the normal incidence of X. radiation on 
1 sq cm then 

S Ex / 

where f is the fraction transmitted by the air of the 
radiation falling outside the Farth s atmosphere Fig i 
gives the values of / for any A 

1 he reception by a hon/ontal sq cm of rays incident 
at an inclination & will then be* 

Sa ' s n tt 

♦ If h=:height of the homogeneous atmosphere S = Ex 
where k is the absorption coefficient If the rays travel mrough 
the atmosphere at an mclmahon of a to the Earth s surface 
then S a = Ex Th® mdinabon of the rays mtroduces 

the addibonal factor sm a 

Thus the total incidence on a horizontal sq cm when 
the Sun is at an altitude of a Is 

fco (— i-) 

/q bx ' sin a dA 

Since f IS known from fig i this integral can be deter- 
mined graphically for vanous values of a 


For zenith sun i e a —90 we get from fig 1 


X X 10* 

2 

4 

6 

8 

12 

24 

/ 

03 



85 

91 

92 




45 




2 

mm 

6 

8 

12 

24 

^(.~) 1 

005 



56 

62 

63 

fXanmf \ 
r s 










30 




2 

IBI 

6 

8 

12 

24 


0 

12 

21 

36 

41 

42 




















X*K)* 




4 4 

For sun it 15 (actually for s n (}) ) 


X 

0 

1 1 

4 

6 

8 

12 1 

24 

fL-h) 

9 nn 

0 

014 

i ! 

045 

13 

17 

18 


1 he curves in fig 5 'irt pi lied fi im these figures 1 he 
areis under the curves give i s il c v'llucs f 
.00 ( — ) 

for various Sun iltitudcs Wc f nd 


Curve 

U 1 

\rea 

Rad at on 

I 

1 

90 

650 

0 

X 

0 

11 

45 

415 

8 J X 10 

III 

30 


50 X 10 

IV 

15 

60 

1 3 10 


Since most of the radiation is in the visible region the 
transmission and absorption const ints will be practically 
unchanged and if the glass is thick we m*iy ignore the 
increase in path through «t produced by the changes in 
the incident angle The substitution therefore of these 
radiation values in the cold frame equation will give 
the values of 6 Id for the altitudes taken 
The result is (for d =280° A =7° C ) 


for 2 mm glass 


a 

90 

45 

30 

15 

0 

e 

1 09 

1 08 

1 07 

1 03 

1 00 


for 4 mm glass 


<1 

90 

45 

30 

15 

0 


1 12 

1 11 

1 09 

1 04 

1 00 
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On making similar calculations for a range of un- 
covered soil temperatures we arrive at the following table, 
from which the graphs in figs. 6 and 7 have been plotted. 
The upper figures in columns 3, 4, 5, 6 and 7 of the table 
refer to glass of 2 mm. thickness and the lower figures to 
glass of 4 mm. thickness. 


Table gixHUfi the maxunum tefnperati4re of glai^^-^covered so*/ 
for v^artous uncovered -soil temperatures. 


Uncovered 

Soil 
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Bl 
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It will be observed from the curves, figs. 6 and 7, that 
for practical purposes the relation between glass^overed 
soil temperature and uncovered soil temperature is linear 
for constant Sun altitude, and we may write 

T^=T f A 

where is the Centigrade temperature of the glass^covered 
soil, T the temperature of uncovered soil, and A is a 
number defiending on the thickness of the glass and the 
altitude of the Sun. The values of A are 
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These figures enable us to calculate the equilibrium 
cold frame excess-temperature at any hour of the day on 

Z i 0 j 15 I 30 i 45 i 90 


A(2inin) 0 8 5 19 23 3 25 5 

A(4mm) 0 1 27 32 35 



ttaMW td Mil *C Uncwt td *otl *C 


Fg 6 Fg 7 

any date of the year and for any specified latitude An 
example of such calculations is provided in the self 
explanatory table and graphs given below The actual 
cold-frame-excess-temperature curves will of course be 
idieared over in the direction of p m times (see fig 8) on 
account of the temperature time lag which every ct^d- 
frame expenences This lag should be suffiaent to carry 
a temperature excess through the night until sunrise 
























TABLE 

Altitude (a) of Sun in latitude 53 N and the corresponding equilibrium coldframe excess 

temperatare (A) 4mm glass 
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A similar set of figures were calculated for 2mm glass and these togetl er with those in the table 
are {dotted in the graphs shown in fig 8 
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I he final results are remnrl ably simple Whether they 
represent the facts or not it is impossible to decide 
because of the complete absence of data respecting cold 
frame temperatures There may he serious omissions in 
the theory hor instance the reflection of incident 
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Fig 8 

Equilibrium Coldframe Excess Temperature 
(Degrees centigrade in Latitude 33 N ) 

Curves from top to bottom are for June 21 May 22 & July 21 
Apr 20 & Aug 23 Mar 21 & Sept 23 Teb 20 & Oct 23 
Jan 21 & Nov 22 and Dec 22 respectively 

radiation from the upper surface of the glass has been 
regarded as unimportant This is merely a convenience 
encouraged by the absence of data Although the reflec- 
tion IS only a few per cent at normal incidencei it attains 
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considerable proportions at low Sun altitudes. The effect 
IS compensated, however, by the fact that at small Sun 
altitudes the long wave radiation from the atmosphere 
contributes even more than the shoit wave radiation to the 
heat content of the glass-covered soil. Then again, the 
cooling effects of conduction and convection have been left 
out of the equilibrium equation. 

It must be remembered that all the calculations are 
based on the assumption that equilibrium has been reached 
m full sunlight. In actual practice there will be a time- 
lag, characteristic of each cold-frame, depending chiefly 
on the heat capacity. 



THE PERMIAN YELLOW SANDS OF NORTH- 
EAST ENGLAND. 

By M. B. Hodge, ph.d., 

The Victoria Unixersity, Manchester. 

/. Introduction, 

The formation known as the Permian Yellow Sands 
has hitherto not been subjected to any detailed examina- 
tion in the light of modern petrological methods. Further 
south, in Yorkshire, the equivalent beds have been exam- 
ined by Dr. H. C. Versey, whose conclusions are set out 
in a paper entitled “ The Beds underlying the Magnesian 
Limestone in Yorkshire, and it is hoped that the 
present paper will serve to extend our knowledge of these 
beds in their more northerly development. 

The area under consideration extends from Collywell 
Bay, near Seaton Sluice in south-east Northumberland, 
to Middridge in the south of Durham, being bounded on 
the west by the escarpment of the Magnesian Limestone, 
and on the east by the sea-coast. It is covered by i-inch 
Sheets Nos. 15, 21, 26, 27, 32, and 33 (New Series) of the 
Geological Survey. 

The Yellow Sands outcrop at three places in North- 
umberland, namely : Collywell Bay, Cullercoats Bay, and 
Tynemouth Cliff, while in the Durham area they occur 
sporadically at the base of the Magnesian Limestone 
escarpment throughout its length. (See map, Plate 1.) 

//. Previous Work on the Deposit* 

The earliest description of the Permian formation in 
this area is that given by Winch in a paper published in 
the Transactions of the Geological Society in 1817.^ In 
this paper no mention of the Yellow Sands is made, and 
Winch apparently assumed that the soft sandstones im- 
mediately underlying the Magnesian .Limestone at Culler- 
coats belonged to the Coal Measures. 



In 18^5 Sed^wuk published n \ery det ulcd description 
of the relations and structure ot the Magnesian Limestone, 
in which he gave the following succession, from the base 
upwards 

1 Lower Red S'lnilstone 

2 Marl slate issotiited with grey thin bedded, and 
nearly compict limestone 

2A Variously eolound m iris with thin beds of compact 
and shelly limestone 

1 \ gft It deposit ot \tlIow magnesian limestone, 

often cellular ind « irthy sometimes hard and 

cryst dime 

4 I ower red m irl and gypsum 

5 Circj thin bedded limestone 

6 Upper red sandstone 

7 Upper red marl and gvpsiim 

Sedgwick defined the hrsi of these divisions the lower 
red sandstone as the lowist member of the group of 
the new red sandstone whiih in Yorkshire ind Durham 
IS interposed between the eirboniferous order and the 
strata of magnesiin limestone William Smith m his 
geological map of Yorkshire his shown the lower red 
sandstone (the Pontefract Rock) is co extensive with the 
Magnesian I imeslont, ind from this Sedgwick concluded 
that It must be unconformable with the Coal Measures, 
and notes that Conybeare believed it to be inalogous to 
the Rotliegende of Germany 

In his examination of the Durham area Sedgwick 
found the lower beds of the limestone to he occasionally 
arenaceous, and in some places to rest upon and apparently 
to pass into a yellow, incoherent coarse, siliceous sand ‘ 
which he classihed as a variety ot hts lower red sandstone 
group,** and which he believed to be * drift sand resulting 
from the denudation of the Carboniferous strata 

This is the first definite reference to the beds which 
are now known as the Yellow Sands, and out of it arise 
several points of interest First, Sedgwick placed them m 
a conformable sequence with the underlying red sand* 
stones and the overlying magnesian limestones SMond» 
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he believed the maten il in iking up the deposit to be 
derived from the Carboniterous rocks, thereby implying 
a definite period of sub-aerial denudation and consequentlv 
a break of greater or lesser extent bet^^een the Carboni 
ferous and the Magnesian L imestone 1 bird, although 
It IS not quite clear what he meant to imply by the term 
“ drift sand, it is possible that he looked upon the beds 
as being in the nature of dune sands Finally, he placed 
the whole of his lower red sandstone group as the 
equivalent of the Rotliegende 

Following closely upon Sedgwick s work, \ paper was 
published by the local geologist, Williim Hutton/ In 
this paper Hutton divided the lower red sandstone group 
of Sedgwick into two parts, the upper part being generally 
an incoherent sand of light buff colour, and the lower a 
more compact, micaceous sandstone of vanegated red, 
yellow and purple colour He says We shall designate 
the upper bed as the Yellow Sand, from its prevailing 
character, and the lower as the Red Sandstone, but without 
in the least wishing them to be considered in any other 
light than as different members of the same formation ’ 
Hutton further attempted to prove that the Red Sand- 
stone was unconformable with the Coal Measures by 
showing that the depth of the Hutton Scam below the 
Red Sandstone varied considerably at different places along 
Its outcrop He thus concluded that the Yellow Sand and 
the Red Sandstone, being unconformable with the Coal 
Measures, were rightly included in the New Red Sand- 
stone senes, and should be assigned to the subdivision 
of the Rotliegende, as Sedgwick had suggested 

In 1857 another local geologist, Richard Howse, 
attacked, on palceontological evidence, the prevailing idea 
the New Red Sandstone age of the Red Sandstone, and 
proposed that it should be included in the Coal Measures * 
In support of this age he gives the following list of fossils 
which he collected from the Red Sandstone 

Ptnties Brandltngt 
Tngonocarpon Noggerathi 
Stgtllana rentformis 
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Lepidodendfon Spec mdet 
CalamiieK appr ximatus 
Calamitei^ inequalis ^ 

•Spine if Gyracanihus formoi^us 
While from a bh'ilc iniimattly connected with the sand- 
stone he obtained \europterts intea Sphenoptens 
laiifoha and Cyclopterts d lataia 

With regard to the \cnow S'lnds he believed that the 
variable thickness ot the beds within shert dist-inces proved 
them to be unconformable with the overlying Magnesian 
Limestone senes and consequently proposed that they 
should be considered as the uppermost member of the 
Carboniferous 

In a later work published in iSjo* Howse modified 
this opinion to the extent of including the ^ ellow Sands 
m the Permian and suggesting that they might be the 
equivalent of the German V\ eisshe^ende 

Between the public ition of Howse s two pipers very 
little work was done in this area on the \ ellow Sands and 
the next p ipier of import ince is that published by 1 ebour 
in 1902 Dealing with the question of the apparent con- 
formity of the Yellow Sends ind tie underlying Red 
Sandstone labour mikes the following observations 

(a) That there is usually a discordance in the dip 
between the two scries and that pan) lei stratification is 
rare and only accidental 

(b) 1 hat the Red Sandstones represent various horizons 
in the Coal Measures and are in fact only the stained 
edges of the Coal Measure sandstones 

(c) I hat the majority of the faults which affect the 
Coal Measures dislocate the Red Sandstone but do not 
affect the Yellow Sands 

As a result of these observations I ebour concluded 
that an unconformity must exist between the \ ellow Sands 
and the underlying rocks 

With regard to the conditions of deposition of the 
Yellow Sands and Mar! Slate Lebour suggests that the 
former were accumulated as dunes on the shores of the 
Magnesian Limestone sea, filling up hollows in the eroded 
surface of the Coal Measures while the Marl Slate was a 
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lagoonal deposit of calcareous and magnesian muds 1 he 
material of which the Yellow Sands are formed he con 
sidered to have been chiefly derived from the Carboniferous 
sandstones 

Woolacott® • supported in general the conclusions 
reached by Lebour, but added the opinion that the 
material of the Yellow Sands had been derived from an 
area lying to the north and west in which some meta- 
morphic rocks were exposed (c g Central Scotland) 

Ihe general consensus of opinion amongst previous 
writers may therefore be taken to be that the ^ ellow Sxnds 
are unconformable with the underlying red sandstones, 
and should be included with the Magnesian Limestone 
and Marl Slate in the Permian or Permo- 1 ri is I he 
position of the Marl Slate is much cle'irer than that of the 
Yellow Sands, principally by reason of its fossil content, 
and Its obvious general conformity with the M ignesian 
Limestone It was early referred to is the lowest member 
of the Mew Red Sandstone senes in which it wis placed 
by Sedgwick, who correlated it on lithological ind palse- 
ontological evidence with the copper-slate (i c the 
Kupferschiefer) of Thuringia 

III Field Relationships 
(a) General Distribution 
(t) Along the outcrop 

Ihe Yellow Sands may be traced along the bist of 
the escarpment of the Magnesian I imestone where they 
form a strip of gently sloping ground from South Shields 
in the extreme north-east of the County of Durham, to the 
neighbourhood of Ferryhill in the south (see accompany 
ing sketch map Plate I) The outcrop is not entirely 
continuous because of the greatly varying thickness of the 
sands In places, however, the Sands are undoubtedly 
present under the Drift, although not visible at the surface 
(sec page 423) 

Occasionally, the Yellow Sands are absent and the 
Marl Slate rests directly on the C)oal Measures, as at 
Newbottle, where the Magnesian Limestone is mapped by 
the Cieological Survey as resting on Coal Measure sani^ 
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stones. It seems probable that where the bands are now 
entirely absent they have been removed b> ( irculating 
waters subsequent to the deposition of the Magnesian 
Limestone. Tlie Yellow Sands are almost always a water- 
bearing horizon^ and in many cases are actually “ quick- 
sands through which there is considerable difficulty in 
sinking pit-shafts. Further, Lebour has pointed out” 
that where springs issue from the Yellow Sands at the 
foot of the escarpment “cones oi dejection” frequently 
occur, the cones being made up ol sand brought from 
within the beds, 'fhis, lie believed, would considerably 
alter the distribution of the sand within I he beds, and 
would account tor the local inequalities in the base of the 
overlying Marl Slate or Magnesian Limestone. There 
seems every reason to suppose that such action, long con- 
tinued, would entirely remo\e large portions of the un- 
consolidated Sands, and in addition might be the indirect 
cause of mucii at the brc*cciation in llie Magnesian Lime- 
stone by withdrawing suppoit trom these overlying beds 
and causing their collapse. 

Isol.ited pall lies ol the Sands oceiir in the extreme 
south-east ot Northumberland at Collyvvell Bay, Culler- 
coats Bay and Tynemouth Cliff. In the outcrops at 
Collywell Bay and Cullercoats Bay tlie Sands have been 
preserved by the agency ot a senes ot parallel faults run- 
ning approximately K. W., which have dropped them 
into a protected position amongst the Coal Measure sand- 
stones. The Tynemouth Cliff exposure is more probably 
a simple outlier due to denudation. A fault affecting the 
Coal Measures is present on the south side, but there is 
no evidence to show that it affected the Permian rocks. 

South-west of Ferryhill there are few outcrops, while 
the records of borings seem to show that the Sands become 
thinner, and eventually die out. 

(it) Disiribution below the Magnesian Limestone, 

The general opinion expressed by earlier writers, in- 
cluding Lebour, is that the Yellow &nds were deposited 
in depressions in the Coal Measure floor, and with a view 
to testing this hy]x>thesis an attempt has been ntade to 
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rcronsiiiKt the topoj^raph} of the area during l^ermo- 
Carboniteious timeh. lhl^ luis been made possible by 
the intuiination contained in the \t)liiines ot “ Honngs and 
Sinkings ’’ published bv the Nortli of Kngland Institute 
ot Mining Engineers. 

Uic sjKJl-lc\els ot llie siiilace ot tlie C\)al Measures 
Avere plotted on a one-ineh in the mile map of the area 
and, after the necessary averaging process, contours were 
drawn at intervals ot titiv These contours are shown 

on the map, Plate I, while the thicknesses ot the Sands, 
in places where they are reiiirdecJ, an* shown by the figures 
in Italics. Where the reports are such as to leave no 
doubt that the Sands are absent, this is indicated on the 
map by a “ o 

It will be seen from the map that the Coal Measure 
surface slopes very gently to the south-east over the greater 
part of the area, with a slightly steejx*r slope (about i in 
io) along a strip about one mile wide wdin h runs in a 
south-westerly direction parallel to, but a little west of, 
the line Horden Point — Castle Eden. 'I'here is a spur of 
higher ground centred round the present Quarrington Hill, 
the axis of the spur running \.W.— S.E. South and 
south-east of this, borings which penetrate through the 
Permian into the Coal Measures are few, but they show 
that the general dip to the S.E. is continued. In the 
northern area the dip of the Coal Measure surface seems 
to become more easterly, but records of deep borings are 
insufficient to make any more definite statement. 

With regard to the distribution of the Yellow Sands, 
there seems to be no very close connection between their 
occurrence and the Coat Measure surface when this is 
contoured at fifty-foot intervals. So far as can be ascer- 
tained, the maximum development is in the central part 
of Durham around the two areas of Hetton Downs and 
Haswell, and again on the coast between Horden Point 
and Ryhope. In the areas lying to the north and to the 
south of this central area the Sands are usually under 
fifty feet thick. Southwards, they undoubtedly die out 
alt^ether against the ridge of Lower Carboniferous rocks 
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which run in in 1 — V\ dirt(.tion from i point a little 
<u^uth ot the mouth t the Kiver lets urtss to Barntrcl 
Castle whose p sifr n is just west ot tl t S W i rner of 
the map 

I he sporulic n it r 1 ll e recurrence t the \tllow 
Sands IS well exeinjhfud in the Hetlon D )wns district 
At Hetton Downs C< llier) t) (ir thickness is iii teet while 
one mile tc the s nth west it Moorslev the thickness is 
onl> live feet ind cnc mile south of Moorsley at hlemore 
Colliery (Pittmgt n) tlie th ekness is b'\ feet 

(b) Description f ! rincipai Outcrops 
In the folljwm^ descripticn the outcrops are followed 
S}stematKdIly from north to south of the area under con- 
sideration ind a sh it accouni is given of each exposure 
or group of exposures 

(t) Collywell Bay — Seaton Sluice 
The section at this locality is shown in hg i from 
which It will be seen that the \ ellow Sands occur m a 
small patch in the upper portion f the cliff where they 
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occupy a depression in tlie surface of the underlying Coal 
Measure shales 1 he relationships of the various beds in 
this section are very considerably obscured by the wash- 
down of debris from the Drift capping of the cliff, but so 
far as they ran be determined the structure points to the 
presence of a reversed fault in the position shown in the 
figure Its position can only be determined with approxi- 



mate accuracy by the existence ot i erush-breceia (om- 
posed of fiagnients of Coal Me'isure sindstone set in a 
greyish-white soft matrix which seems to be Krgely made 
up of crushed sandstone and sh tie On the north side ot 
this fault the Coal Measures are represented b} beds of 
shaly-sandstone and in the south side by sandy shales 
with beds of sandstone 

I he ellow Sinds here consist ol beds of very triable 
sandstone ot which the preN ailing colour is a brownish 
yellow In detui the beds ire seen to be made up of 
alternate layers ot very thin coarse-grained bands of dark 
brown colour and of thicker bands lompiosed ot i mixture 
ot coarse rounded grains and hne, angular grains the 
mixed bands being yellow in colour I he whole shows 
a high degice of < ross-btdding of in aeolian type 

(ti) Cullercoats Bay 

Ihe Permian outcrops here at the southern end of the 
small bay above which stands the village of CuIIernats, 
and the three divisions of the system namely the \ ellow 
Sands, the Marl Slate and the lower part of the Magnesian 
Limestone are all represented the whole being much dis- 
turbed by the big fault known as the Ninct\ 1 Uhom Dyke, 
which here hades towards the N N P and brings the 
Permian beds down against the Coal Measures lying to the 
south of the fault 

1 he Permian beds are folded into a small anticline and 
syncUne, pitching in an approximately easterly direction 
The Yellow Sands have been exposed by denudation and 
now appear lying to the north and south of the synclinal 
fold of the Magnesian Limestone and Marl State, abutting 
against the \ineiy Pathom Dyke on the south 

The bedding of the Sands is obscured by the disturbed 
condition of the outcrop the crushing against tlie fault 
plane having resulted in the formation of a great number 
of minor faults in the body of the Sands Prequently 
these minor faults are marked by veins of calcite which 
on weathering, stand out as ridges above the softer inter- 
mediate sand As a whole, however, the outcrop is fairly 
well cemented by calcite, and consequently resists erosion 
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much better than the more incoherent beds of the soutliern 
area to be dcscnbtd lalcr 

(mi) lynemouth Cliff 

I he sequence exposed in the cliff below Ijnemouth 
Priory is as follows 

Brecciated Middle 1 imestonc io-2G feet 
Bedded 1 ower 1 imestonc 1 1 i8 feet 
Marl SI ite 3 feet 

Yellow S inds 5 25 feet 

At this locality the uncontorm ibk junction of the Yellow 
Sands with the red s'lndstincs ind sh'iles of the Coal 
Measures is will seen near the base of the cliff Immedi- 
ately abo\e this junction on the e ist face of the cliff there 
IS a bed of sind ibout c nc toot thick, which contains a 
small percentage (005 per cent) of quartz pebbles with 
diameters between 2 mm and 4 mm Similar occurrences 
have been noted at other pi ices usually in borings Fhex 
seem to be the nearest 'ipproach to a basal conglomerate 
ever present in the Permian in the north-eastern area 

In colour the Sands are i dark brownish-yellow and 
the texture appears to b< rather finer than that of the more 
southerl} outcrops in Durham ind while there is a con- 
siderable amount of false-bedding it is not so extreme as 
in the southerly exposures 

While the Sands occur here in their usual place beneath 
the Marl Slate there are also intercalations of sand of the 
same type between the various beds of the Lower Lime- 
stone again below the Marl Slate on the north end of 
the cliff, a band of magnesian limestone six inches thick 
occurs in the Yellow Sands Such intercalations have 
also been noted in borings in Durham, the inference being 
that sandy conditions were still prevailing over part of the 
area while the Marl Slate and Lower Limestone were being 
deposited 

On the north side of the cliff there are bands in the 
Yellow Sands containing segregations of magnetite grams, 
together with some ilmenite (see p 424 ) 

Immediately under the Marl Slate the Yellow Sands 
are firmly cemented by calcite for the depth of about one 
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foot, so that they actually iorm a band ot calcareous sand- 
stone. In the other parts of the exposure the Sands are 
usually quite incoherent, with just occasional irregular 
hard bands similar to the above. 

South of the Kiver Tyne, in the County ol Durham, the 
mam outcrop of the IViinian begins at the southern end 
of the South Beach at vSemth Shields, and tlieiue extends 
continuously along the coast to the mouth of the River 
Tees, while inland its boundary runs approximately N. S. 
as far as Quarrington liill, and from there strikes in a 
south-westerly direction towards the c'ounty boundary. 
The general dip is \i. by S. at a very low angle, conse- 
quently most ot the exposures of the Yellow Sands now 
to be described occur on the westerly margin of the outc rop. 

(iv) Frcncliman\ Hay South Shtelds, 

At times when the beach .sand has been cithcM blown 
or washed away, a small outcrop ot the Yellow Sands can 
be seen at the north end of the Baj, near the Ijase ot the 
cliff and about twenty yards north-east of the foot of the 
steps. When examined by the author it was only exposed 
to the extent of about three feet m length and six inches 
in width, and proved to be a consolidated sand very similar 
to the Tynemouth type. An outcrop of the Marl Slate 
also can be seen on the south side of the Bay at low tide, 
beneath the Lower Bedded Limestone. 

(v) Harton-- South Shields. 

\t this locality there is no outcrop, but during drain- 
age operations in the new south extension of the Harton 
Cemetery the Yellow Sands were exposed in a series of 
trenches cut through the Drift. The Lower Limestone is 
present under the Drift near the old boundary wall of the 
cemetery, but the Yellow Sands extend southward beyond 
the limestone, and immediately underlie the Drift at a 
distance of fifty yards from the wall where the drainage 
trenches were sunk through seventeen feet of the Sands 
without reaching the Coal Measure surface. 



In (haractLf lh( Sinds here ue in ^tncral incoherent 
but with occasion'll harder h'lnds with c ilcite cement T he 
colour vines gieati^ trom d'lrl brown to pure white 
in irreguhr patches ind I ntirles I here is the usual 
admixture ot coarst ind line rains present 

Doun Hill and Hylt t Castle West Boldon 
1 heie irc exposures ot the \ellow Sands m two sand 
pits in this arei Ihe more northerly one is on Down llill 
I arm ibout hilt i mile south of West Holdjn ind the 
southerly one is on the n rth side if the ro id from L sworth 
Station to Sunderl ind neir H>lton ( astle Ihe limestone 
IS present ibovc the Sinds in b th uses 

1 he eharaeter ot tlic Sands in both pits is tairly typical 
ot the Durham outcrops the colour is Iiv,ht yellow with 
occasional darker bands and also lentieles of white, coarse- 
grained sand 1 he usu il alternations occur of thin layers 
and lentieles c^f Urge rounded ^rains and thicker layers 
of similar coarse, rounded grains in i matrix ot hner- 
grained, angular and sub an^^ular materiil Ihe cement- 
ing IS irregular as in the other outcrops already described 
and frequently the ealeite his become ‘•tgregaled around 
a nucleus of sand grains with the result that on weither- 
ing, a senes of nodules about i quarter of an inch m 
diameter stand out from the surf ice of the rock 

Woolacott states that at one part of the Down Hill pit 
the grains are coated with manganese dioxide but this 
part is now covered by debris and the st itement cannot 
be verified 

(vit) North Hylton and Claxheugh 
I hxs, the largest exposure of \ ellow Sands in the 
county, extends for nearly 6oo yards along either bank 
of the River Wear west of Sunderland The total thick- 
ness from the junction with the Coal Measures on the 
north bank to the junction with the Marl Slate on the 
south bank of the river is about lOO feet At the eastern 
end of the exposure there is a fault running N W — ^ E , 
which causes the Permian beds to abut against the shales 
and sandstones of the Coal Measures Accompanying the 
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fault there is i senes ot cxlcitc and clay \eins in the Yellow 
Sands, as at Cullercoits These veins appear to be a 
characteristic phenomenon where\er the Sands h'i\e been 
disturbed by earth movements 

Contrary to the opinion expressed by Woolacott with 
reference to the Yellow Sands in general, the cross-bedding 
in this exposure is much more highly developed in the 
upper portion than in the lower In the lower portion, 
on both sides of the ri\er, the 1 lyers are horizontal, and 
consist of the usual alternations of coarse and mixed 
laminae i requently the coarser grains are arranged in 
lentieles up to eight inches in length and three-quarters 
of an inch in width lowirds the western end of the 
exposure the deposit loses its layered eharaeter, and 
becomes simply a mass of friable, hne-grained sand 
The colour varies from greyish-white to dark brownish- 
yellow, while the cementing is similar to that of the 
exposures on Down Hill 

On the south (Claxheugh) side the base of the Yellow 
Sands is not seen, but its upper junction with the Marl 
Slate IS well shown There is a very thin but persistent 
band of yellow clay, one inch in thickness, between the 
two beds The Marl Slate is about two feet thick, and 
lies horizontally on the Sands, it is sandy at the base, 
and becomes more calcareous towards the top Lying con- 
formably on the Marl Slate, but separated from it by a 
band of soft * marl ” one inch thick, is the Lower Bedded 
Limestone, and above this comes the Middle Unbedded 
Fossiliferous Limestone of Woolacott 

On the north side of the river the junction with the 
Coal Measures may be seen, but the higher beds of the 
Permian are absent At the western end the Sands are 
seen to he unconformably on a surface of stained, massive, 
fine-grained sandstone belonging to the Coal Measures 
This Boor dips gently to the east from Baron’s Quay Lane 
until It IS lost beneath the river shore A section of the 
river bank thus appears as shown in fig 2 

(mtt) Offerton^ Penshaw HtU, and Fhnton Htll 
Small exposures occur along the base of the escarp- 
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ment of the Magnesian Limestone at these places. The 
Sands are usually incoherent, and of the normal type. 



loo ^ 

Fig 2 


(ix) Houghton^e^pnng. 

About ten feet of the top oi the Sands may be seen in 
an old quarry, near the colherj, at Houghton-le-Spnng. 
They are fine in texture, massive, and compact, though 
quite friable. 

(x) Helton Downs. 

A large sand and limestone quarry (High Downs 
Quarry) shows an excellent section of the Yellow Sands 
at this locality. In the quarry the Sands reach a thickness 
of forty feet, but the base is not seen. The lowest visible 
portions show the typical ^olian cr jss-bedding noted 
farther north at Down Hill and Claxheugh ; that is, the 
upper layers curve round so as to become tangential to 
the planed-off surfaces of the lower layers. The upper 
portion is massive, and the colour vanes from pure white 
to dark brown. At the eastern end of the pit the upper 
massive portion is seen lying on an irregular surface of 
the false-bedded lower part as shown in fig. 3. 

The cementing is, as usual, confined to irregular bands 
and spherical nodules, the latter being particularly well 
developed. 

(jrt) Moofsley, Piitingion, and Elemore Hall. 

Small exposures may be seen on the slopes to the north 
erf High Moorsley village, in a quarry half a mile north- 
east of Pittington, and in the grounds of Elemore Hall 
(this latter outcrop is not shown on the one-inch map). No 
peculiar features are noticeable in any of these. At the 
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Moorsley band pit a hard, cemented band underlies the 
Marl Slate, the coarse layers forming planes of weakness 
along which the sandstone splits easily 

(xtt) Coxhoe 

The sands are exposed in a limestone quarry in the 
hillside, east of Coxhoe village 1 hey are dark brown in 
colour and usually incoherent, and in general very similar 
to the outcrops already described The total thickness 
exposed is ten fee^ but the base is not Seen 

(xitt) I'CTryktII Railway Cutting 
This exposure occurs in the railway cutting at the north 
end of Ferryhill station, on the L N h R main line Ihe 
bedding is again of the a^ulian type, but the layers of 
coarse grains reach a much greater thickness here than in 
any of the other exposures, attaining at the southern end 
a thickness of three to four feet These coarse bands are 
very (irmly cemented with calcite, and run through the 
softer and finer piortions in various directions, often 
truncating each other (see fig 4) 

(c) Summary of Field Evidence 
It may be desirable here to sum up the evidence 
presented by work m the field 
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It IS found that the Yellow Sands occur along the base 
of the Magnesian Limestone escarpment, immediately 
under the Marl Slite in most cssis throughout the greater 
part ot the area under considerstion Evidence yielded 
by borings proves the Smds ij dis'ippear completely in 

N S 
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the south-east of the county In the south there is a ridge 
of Lower Carboniferous rocks running in -in E — W 
direction across the county beneath the Permian and 
aga/nst this ridge the Yellow Sands die out, and are thus 
entirely cut off from the I ower Permian of Yorkshire 
I he colour in outcrops is usually light yellow, but there 
is a considerable local variation from a dark yellowish- 
brown to a greyish-white In this feature it presents a 
striking contrast to the red colour of the Permian sand- 
stones on the west side of the Pennines as typified by the 
Penrith Sandstone of the f den Valley 

It IS very irregularly cemented by calcite, in some 
places being a compact calcareous sandstone and m others 
quite incoherent, with little trace of cementing material 
Immediately under the Marl Slate it is usually well 
cemented due to the leaching down of calcareous solutions 
from the overlying limestones while in the neighbourhood 
of faults It IS veined with calcite or occasionally with a 
stiff brown clay 

One of the most noticeable phenomena is the prevalence 
of cross-bedding of a type usually associated with wind- 
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action, and such as may be seen in partially dissected 
sand-dunes in coastal areas notably on the Northumbrian 
coast at Budle Bay and especially well at Lskmeals on the 
Westmorland coast The individual layers, as already 
noted above, consist of coarse, well-rounded grains either 
in thin regular bands or in lenticics, and ot much thicker 
layers of material made up of the large gruns intermixed 
with a large proportion of finer angular and sub-angular 
grains The author has seen an exactly similar pheno- 
menon in the Navajo Sandstone of (?) Jurassic Age in 
eastern Utah, ISA This sandstone is believed by Ree- 
side to be probably a wind-blown deposit,^* and there 
seems little doubt that this particular type of association 
of coarse and hne grains is an important criterion in 
distinguishing such deposits 

IV Petrology 
{a) Mechanical Analysis 

The methods used in making these analyses were based 
on the work of Professor P G H BoswelP® and Dr H 
A Baker 

In the case of the cemented or partly cemented types, 
It was found necessary to carry out preliminary treatment 
with dilute hydrochloric acid (i in lo), in order to remove 
the calcite cement The amount of cementing material 
was estimated in these samples and a representative series 
lesults IS given below in lable I 


Tabi L I 


Samplf 

Ccmentxng 
maUtxal etc 

I uld Descriptton 

Ai 

17 30% 

Consolidated sandstone 

Aa 

1 67 

Slightly cemented 

A3 

4 10 

Slightly cemented 

A4 

8 s8 

Incoherent, but with nodules 

Bi 

I 41 

cemented by calcite 
Incoherent 

B 3 

I 88 

Almost incoherent 

BS 

I 22 

Incoherent 

Bj 

1 02 

Very slightly cemented 

Eg 

59a 

Partially consolidated 
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A I 1 ynemouth Cliff , south end , base of Yellow Sands 
It jun( tion with Coal Measure sandstone 

A2 1 ynemouth Clift , south end, 7 teet above Ai 

A3 1 ynemouth Chfl 10 yards north of Ai , near base 

V4 rynemouih Cliff, 10 yards north of Ai , 7 feet 
above A3 

iii Hylton Castle sand-pn south end, it floor of pit 

B3 Hylton Castle sand-pit, south end, above Bi, and 

about 5 feel trom top ot sand 

B5 Hylton Castle sand-pit, trom middle layers, about 
15 teet north ot J^i 

B7 Hylton Cistle sand-pit from base about 30 feet 
north of Bi 

Bg Hylton C istle sind-pit near upjier surface of sand, 
about 40 feet north of Bi 

It should be noted thit the pereentages given in the 
above table are likely to be slightly high, since part of 
the grain-codting and some solublt minerals pass into 
solution in the and 

Owing to the presence of in ippren ible concentration 
of eleetroljtes in the local water-supply, it was found 
necessary first to separate the cl ly grade by the method 
of settling in distilled water, in order to avoid the rapid 
flocculation of the day particles which occurred m the 
elutnators which were worked off tin ordinary water- 
supply After the separation of the clay grade the usual 
elutnation procedure was followed, and the material 
separated into the following grades 


Clay 

Fine silt 
Coarse silt 

Fine sand 


Medium sand (in part) 


Less than 0 01 mm diam 
0 01 — 0 05 „ „ 

0 05 — 0.10 „ 

0 10 — 0 15 „ „ 

015 — 0 20 „ „ 

0 20 — 0 25 „ 

02s — 0 30 „ „ 

0 30 — 035 „ „ 


In the Yellow Sands there is generally a considerable 
amount of coarse material which is outside the limits of 
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satisfactory elulnation, that is, of greater diameter than 
about o 3 mm In order to obtain complete grading curvts 
for the samples analysed, it became nccessarj therefore to 
utilize some method ot grading other than elutriation hut 
which would give results comparable with elutriation 
results as far as possible 

Two alternatives present themselves, namely, either 
sieving or direct measurement under the microscope I lie 
ordinary disadvantages in the use ot sie\ing have been 
treated extensively by various authors, notably Keen and 
Haines,^' and need not be detailed here There is, how- 
ever, a special disadvantage which applies in this ease 
In passing through the meshes ot the sieve the grains tend 
to turn so that their minor and intermediate axes he in 
a horizontal plane, while m elutriation the grains present 
their greatest surface area to the upward i urrent of water , 
that is, the major and intermediate axes he in a hori- 
zontal plane It is obvious then that the completion of 
a mechanical analysis in this way by sieving immediately 
introduces the possibility of a divergence of results m the 
two parts of tht curve plotted from the data obtained 
by the two methods On the other hand, while being 
measured under the microscope the grains will tend to he 
in the same manner as in elutriation, especially if they are 
immersed in a mounting liquid Ihis method was there- 
fore adopted, and Clove Oil was chosen as the most suitable 
immersion medium 

In practice the diameters of several hundred grams 
from the elutriator residue are measured bv means of an 
eyepiece micrometer, and the grains are classified into 
groups with intervals of o i mm diameter, thus • 

Medium sand (in part) | q 4 q ^ diam 

j 0 5 0 6 ,, ,, 

* 06 — 07 „ 

Coarse sand i 0 7 — 0 8 „ „ 

08—09 „ 

09 — 10 „ 

Very coarse sand. Above 1 0 mm „ 



429 


1 lie number of )^riinb in each jjroup is counted, and 
the proportion by weight and subse(iuently the percentage 
of that group m the total simple is (alrulated 

I his method provides i flowing curve in continuation 
of the portion obtained by elutnation, and seems to be 
sufticiently accurate provided that 

(1) It IS applied to lir^c rounded grams, as in the case 
of the \ellow Smds 

(2) I he intervals of gride si/e ire of the order of o i 
mm or more 

(^) A large number of griins is measured 

Results of Mechanical Analysts 

Ihe numerical results obtained are given in Table II 
Grading curves drawn according to the method adopted 
by Baker'* are peculiar in showing more than one maxi- 
mum in the case of analvscs of tht Yellow Sands The 
curves are found usually to be made up of two distinct 
portions, the lower part, lying below the line representing 
a diameter of o 25 mm having 1 well-defined maximum, 
indicating a high degree of grading between the limits of 
005 mm and 015 mm diameter Ihe upper part is 
almost invariably irregular, with occasionally a poorly 
defined maximum indicating incipient grading Examples 
of this type of curve are given in hgs 5, 6, and 7 

A study of these curves will immediate!) demonstrate 
very clearly the phenomenon which has already been 
noted in the field, namely, that two main grades prevail 
in most localities, corresponding with the maxima in the 
curves These grades are the Fine Sand and the Coarse 
Sand Two possible explanations of this double maximum 
suggest themselves First, it may be that the material 
making up the deposit has been drawn from two localities 
in which the original quartz grains were of different size 
Second, the double mode may be due to the differential 
action of the agent of transportation in carrying the finer 
material in suspension, while rollfhg the coarser material 
Coupled with these explanations is the necessity for postu- 
lating the fairly close proximity of the parent rocks, 
especially if the transporting agent be wind, since wind 
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causes rapid grading of dettital material. Of the two 
possibilities it is prt^ble that the second has the greater 
effect, although the petrological evidence which will he 
considered later shows that the first cannot be entirely ruled 
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out, and indeed it is highly probable that both factors have 
contributed in the production of this type of sand. 

Mention of this double mode is, so far as I have been 
i^le to determine, made only by one other investigator, 
J. A. Udden, who makes the following statement!** 
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" When a transporting medium is supplied with 
sufficiently heterogeneous material it will tend to carry 
and to deposit more of two certain sizes of material 
than of any other. The principal deposit it makes wtU 
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consist of materials it can momentarily lift With this 
It will leave an excess of another considerably coarser 
ingredient which it can roll, smaller in quantity 1 his 
makes what we may call a secondary maximum For 
water deposits the secondary maximum will consist of 
elements having a diameter about sixteen times the 
diameter of the elements in the chief ingredient tor 
wind deposits the secondary maximum will consist of 
elements having a diameter about eight times that of 
the elements in the chief ingredient ” 

Udden s experiments were carried out on modern, un- 
consolidated sands and dusts, and it is interesting to hnd 
a similar secondary maximum m the case of these Permian 
deposits An examination of the curves given in figs 5, 6, 
and 7 shows that the diameter of the grains m this 
secondary maximum is from six to eight times that of the 
grains in the chief ingredient Thus we get corroborative 
evidence that the Yellow Sands are of aeohan origin It is 
certain that the curves do not resemble any one of Baker’s 
curves of typical aqueous sediments 

(b) Mtneralogtcal Analysts 

The usual method of separation of the heavy minerals 
by means of bromoform of S G = 2 86 was followed in 
this investigation It was seldom found necessary to use 
hydrochloric acid to clean the grains before separating 
In some cases the percentage of heavy minerals in each 
grade was determined This percentage shows the usual 
decrease with increasing grade size, but if the grade per- 
centage of heavy minerals be converted to percentage of 


the total sample, it is 

found to be greatest in 

the Coarse 

Silt grade 

A typical analysis of this type 

IS given in 

Table III 


Tabie hi 



Grade 


Per cent 

Percent of 

mm 

dtam 


of Grade 

total sample 

Silt 

0 01 ■ 

- 0 05 

0 572 

0 007 

Coarse silt 

0 05 - 

— 0 10 

0 293 

0 057 

Fine sand 

010 - 

-0 25 

0161 

0 037 

Medium sand 

0 25 • 

— 0 50 

0 090 

0 018 

Coarse sand 

Above 

0 50 

Dll 

ml 
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I he variation in the total percentage of heavy minerals 
in each exposure along the outcrop is more important for 
the purposes of this work This variation is shown in 
Table IV The results are arranged in order from north 
to south along the outcrop 


1 AHl F l\ 


Per cent of 


locality Sample No 

Heavy Mata 

Collywell Jiay 

V2 


0 27 

Tynemouth Cliff 

E5 


0 39 

Harton 

LI 


0 25 

Hylton Castle sand pit 

B9 

upper jwrtion 

0 39 

11 *1 

B5 

middle 

0 19 

II 1 

Bll 

It 

0 24 

fi 11 

Bl 

near floor 

0 12 

1* II 

B7 

f 1 

0 08 

North Hylton (Eastern end) 112 


0 32 

„ (150 yds W 




of H2) 

H4 


0 27 

Hetton Downs 

N3 


0 05 

Elemore Hall 

D 


0 12 

Ferryhill 

G2 


0 12 


An examination of the percentages shown in Table IV 
indicates hrst, that there may be a considerable variation 
in the amount of heavy minerals in one exposure, and 
second, that there is no very definite gradation in amount 
when passing along the outcrop Taking the Hylton 
Castle exposure, samples Bi and B7 are taken from near 
the floor of the pit, B5 and Bii are from the middle, and 
B9 is from near the top, and thus there appears to be an 
increase upward of the heavy minerals from about o 08 per 
cent to o 39 per cent , but in fact these positions do not, 
owing to the extreme false-bedding of the exposure, repre- 
sent true stratigraphic horizons This variation in the 
individual exposures makes it difficult to estimate the 
variation in passing along the outcrop from north to south, 
especially as many of the exposures are small and their 
junctions are unseen, thus making any weighting and 
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averaging ot results impossible However, there does 
appear to be a tendency to a decreise in the amount of 
heavy minerals southward along the outcrop 

Turning now to the types ot minerals present in the 
Yellow Sands, the total nunibei is found to be only 
eighteen including quartz ^nd the felspars I hey are 
as follows 


Cubic 

Tetragonal 

Carnet 

Anatase 

M ignetite 

RutiU 

/ircon 

Ul xaj^onal 

1 rtgonal 

Apitite 

Hccmatite 

Quartz 

tourmaline 

Orthorhombic 

Monochfiic 

Staurulitc 

Biotite 

MuscoMte 

Orthoelase 

I pidote 

Trichnic 

Amorphous 

Microclme 

Limonite 

Plagioclase 

Leucoxene 


Ihe distribution of the heavy minerals in a number 
of exposures from north to south is shown in table V, 
while Table VI is a Persistence Diagram of all the 
minerals From these two tables it will be seen that 
there is little variation either m number of species or in 
the amounts of individual species of minerals in travers- 
ing the area from north to south The only mineral 
showing a tendency to vary is garnet, which appears to 
decrease in amount southwards, of the others, anatase 
occurs in two exposures (Tynemouth Cliff and Harton), 
apatite in three (Tynemouth Cliff, Harton, and Ferryhill), 
and staurohte in three (Collywell Bay, North Hylton, and 
Hetton Downs)« Most of the other minerals occur in 
every exposure. 
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lARLL V 


DlSTRlBllION Ot HFAVY MiNI-R\LS 


Sample No 

B 


Ll 

N3 

D 

G2 1 

Minerals 

Anatase 

1 

1 

1 


1 

■ 

Ap'itite 

— 

i 

i 

— 

B 

B 

Eptdote 

2 

— 

— 

1 

B 

H 

Garnet 


6 

6 

7 

5 

2 

]>ucoxene 

— 

+ 

+ 

+ 

B 

B 

I^momte 

h 

+ 

+ 

+ 

B 

H 

Muscovite 1 

2 

2 

2 

— 


2 

Rutile 

'y 

2 

4 

4 


6 

Tourmaline 

5 

4 

4 

5 

B 

3 

Zircon 


5 

5 

5 

3 

6 

Black Iron Ores^ 

+ 

+ 

+ 

+ 

— 

+ 


Numbers indicate relative amounts (Milner s Convention) 
+ Indicates mineral present but amount not estimated 
* Usually llmemte in E5 much Magnetite m octahedra 

JLocait^iss — North to South 

1 * 2 — CoUywcll Bay 
£5 — Tynemouth ChfF 
Li — Horton 
N3 — Hetton Downs 
D — Elemore Hall 
Ga — Fcnyhill 
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TABLE VI. 

Mineral Persistence Diagram. 



Fa CollyweU Bay. Ha— North Hylton 

B5-^TytMiiKmtii CUB. N3 — ^Hetton Ijownt 

Li— H arton. D — ^Blemon Hall. 

B — Weat Boldon (Hylton Cattle). Ga— FenyhiU. 
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Details ot the characteristics ot each mineral are given 
below 

AnaLase 

I ocalities Tynemouth Chff and doubtfully at Harton 
In the lynemouth ClilT exposure anatasc occurs in the 
typical minute tabular crystals square in outline and with 
bevelled edges that is the forms present are (ooi) and 
(in) It IS brownish grey in colour with sub-metaihe 
lustre 1 he refractive index is very high uniaxial 
negative In the Harton exposure only one grain was 
found this was sub angular in shape but otherwise its 
characteristics were the same as those ot tl e Tynemouth 
specimens 

Apatite 

Localities lynemouth Cliff Harton and Fcrryhill 
Occurs in small rounded and sub rounded grains often 
with minute ( ?) crystalline inclusions Basal fragments 
ire common but sub rounded prismatic fragments also 
occur and frequently show traces of basal cleavage, and 
also longitudinal striations especially those from Ferry- 
hill Colourless high refractne index low birefringence 
uniaxial negative 

Bxoiite 

Locality North Hylton 

This mineral has only been noted from the above 
exposure It occurs in small rounded or irregular flakes, 
brownish yellow or faintly greenish m colour and contains 
no inclusions 

Garnet 

Occurs in all outcrops 

Three distinct types have been noted as follows 

(1) Colourless, usually angular with occasional sub- 
angular or rounded individuals moderate to 
strongly developed dodecahedral cleavage medium 
size sometimes in small fragments 

(2) Brown-pink to clear reddish-brown rounded to 
sub-angular cleavage strong to moderate, occasion- 
ally lacking , large size, 1 e o 25 — o 4 mm diam 



(3) Clear, faint pink ; almost invariably rounded ; traces 
of cleavage, never strongly developed, and some- 
times entirely lacking; large si/e; usually have 
frosted and pitted surface. 

Of the three types, the colourless one is the most 
common and the pink type the most rare, possibly owing 
to the cleavage in the colourless type leading to a multi- 
plication of individuals. 

HcBTnaiite. 

This mineral is occasionally seen in the more north- 
erly outcrops, where it apj^ears as an alteration product 
of m 2 ignetite. Magnetite grains are seen which have a 
coating of red material which has been identified as 
haematite. In some cases a brownish-red streak can be 
obtained on white paper with the grains which have 
undergone complete alteration. 

Ilmeniie, Limoniie^ and Leucoocene, 

Occur in every exposure. 

The ilmenite is usually in small, rounded or irregular 
black grains. In the Tynemouth Cliff and Collywell Bay 
outcrops there are a few more regular grains having a 
crimson sheen in reflected light, and out of which minute 
crystals of a deep brownish-red mineral, probably rutile, 
are growing. More commonly, however, the ilmenite has 
a coating of brown limonite, or is pseudomorphed in a 
white earthy material, probably leucoxene. Limonite is 
by far the most common of the iron ore minerals, existing 
both as grain coating on the quartz and felspar, and as 
individual grains where it has replaced the ilmenite, or 
possibly as suggested by Woolacott*® as a replacement 
product of pyrite. To the ubiquitous presence of limonite 
is due the prevailing colour of the Yellow Sands at the 
outcrop. 

Magnetite. 

Localities : Tynemouth Cliff, North Hylton, and 
doubtfully in other places. 
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Occurs in minute octahedra dull or with sub-metallic 
lustre, magnetic Usually in much smaller amount than 
ilmenite Sometimes has a surface coating of haematite 
or limonite 

M icTocltne 

Occurs in every outcrop together with the other 
felspars 

Ihe grains are usually smaller in si/e than those of 
the other felspars Shows typical cross-hatching, * 
especially in thin section (see Plate II, fig 4) Usually 
It IS only slightly altered and is occasionally quite fresh 
Next to orthoclase it is the most abundant of the felspars 
in the Sands 

Muscovite 

Occurs in all locilittes except Helton Downs and 
Flemore Hall 

Occurs in medium-si/ed, rounded or irregular flakes, 
sometimes with minute crystalline inclusions, and often 
haMng a faint, greenish tinge It frequently shows 
undulose extinction 

Orthoclase 

Present in all outcrops 

Orthoclase is the most common of the felspars It 
occurs in large, rounded grains, usually showing a 
moderate degree of alteration No twinning was seen 

Plagtoclase 

Occurs in all outcrops with the doubtful exception of 
Tynemouth Cliff, but is the least common of the felspars 
It usually shows a moderate degree of alteration Its 
refractive index and extinction angle indicate that it is 
probably Albite-ohgoclase Multiple twinning is invari- 
ably present 

The three felspars together make up from 10 per cent 
to 20 per cent of the whole of the light crop, but appear 
to decrease a little in amount towards the south of the 


area 
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Quarts* 

The quartz grains vary in size from about 1-5 mm. 
diam. downwards. Above about 05 mm. diam. the 
grains are invariably well rounded, below this they 
become sub-angular, and the smallest grains are quite 
angular. 

The quartz usually contains numerous inclusions, 
regular, irregular, and acicular. The regular inclusions 
are frequently so numerous and large as to make up a 
considerable portion of the gram. The following minerals 
have been identified as inclusions : 

Biotite Rutile (yellow variety) 

Muscovite Apatite 

(?)Ir(m Ores ( ?)Sillimanite 

Zircon ( ?)Sphene 


All of these occur as individual species in the heavy 
crops, except sillimanite and sphene. It is likely that 
many of the individual minerals in the heavy crops owe 
their presence to transportation in the quartz, and sub- 
sequent breaking up of the quartz. 

An investigation according to the methods of Mackie*' 
of the relative amounts of quartz grains bearing each of 
the different types of inclusions was made, with the 
following results (Table VII). 

TABLE VII. 



Type of Inclusion 

R +N 

■1 

Sample No. 





I +A 

Observ 

F2 

37 

63 

3 

6 

0-67 

100 

IJfi 

40 

55 

6 

4 

0-72 

106 

1.1 

34 

67 

12 

5 

0-66 

108 

B7 

64 

34 

5 

5 

1*47 

09 

H2 

36 

55 

6 

6 

0-67 

102 

N3 

27 

66 


0 

0-37 

100 

D 

24 

18 


3 

1-08 

52 

G2 

29 

72 


0 

0-37 

106 


JLoeatttw of samples 

Fa— CoUyweU Ha— North Hylton 

E5— Tynemoath Cliff. N3 — ^Hetton Downs 

Li — ^Harton. D — Elamore Hall 

B7 — Hyltim Castle Ga — Ferryhill, 
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Vlackic s general concluhion for the rocks ot the Moray 
district IS th U the Irregular and Acieular types of inclusion 
are eh iraeteristie ot quartz griins derned from granitic 
rucks and that the Regular t>pe tnd grams basing no 
inclusions iie i haracteristic of gneissie and schistose rocks 
If this be univcrsilly true the rnlios given in column 6 
ibove tor the Yellow Sands indicaU 'i du il source for 
the quart? with i slight preponderance ot grains from 
granitic rot ks The ratios ot gneissic types to granitic 
types are < f the same order throughout from north to 
south although there is some slight indication ot a de- 
crease of gneissie with rcspiect to ^rinitu tjpes but this 
IS neither regular nor indeed dchnite 

Viewed in reflected light all the grains have a surface 
Hke ground- or frosted gliss Combined with the round- 
ing of the grains this ma> be taken as an indication of 
ccolian transportation In itself rounding is not con- 
clusive evidence of colian worl js (iillowiy^ has 
shown but in conjunction with other phenomena amongst 
which IS this frosting of the grams it may be taken 
is indicating this type of deposition 

In thin sections of the more consolidated types of 
YeMow Sands many of the quart? grams show evidence 
of having been under strain In various grains there is 
every gradation from those showing only slight strain- 
shadows between crossed nicols to those showing granu- 
lation and intricate suturing of the individual portions 
making up the composite grain (sec Plate II figs i and 
2) In addition to these there are compiosite grains made 
up of an aggregation of minute quartz grains, apparently 
derived from a quartz^schist (see Plate II fig 3) 

Rutile 

Occurs in all localities 

There are two distinct types of this mineral present in 
the Sands One type is a dark, reddish-brown in < oloufi 
strongly pleochroic it is usually in medium or larg^ 
sized grams, rounded or sub-angular in shape, many 
apparently being worn prisms A few are worn genicu- 
late twins, while in one instance polysynthetic twinning 
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was noted The other type is amber-coloured and is 
usually smaller than the red type, it is non-pleochroic , 
rounded to sub-angular often prismatic 

In addition to these types there are small, irregular, 
usually angular grains with sub-conchoidal fracture, and 
of a brass-yellow colour These are believed to be, in 
the main, broken fragments of the other types, although 
some may be original, having been transported in the 
quartz grains and subsequently freed, as already suggested 

Staurohte 

Localities Colly well Bay and Hetton Downs 
Occurs sparingly in m^ium-sized, sharply angular 
grains having toothed edges, and showing good 
cleavage, mean Ref Ind =i 652 perfectly transparent, 
pleochroic with X = Y pale yellowish-brown, Z deeper 
yellowish-brown , moderate birefringence , biaxial positive 
figure usually indistinct 

Tourmaline 

Occurs in all localities except Elemore Hall 
Tourmaline is always very abundant in the localities 
in which It occurs The grains are usually of medium 
Size, and sub-angular to rounded Occasional grains with 
well preserved outlines are met with Both prismatic and 
basal grains are common As is usual with tourmaline, 
the colour varies so much that it forms no criterion upon 
which to classify the grains The commonest seem to be 
those with E colourless, greyish- or greenish-brown, or 
brown, and O dark-brown to black, in these the pleo- 
diroism is intense Others have E pinkish-grey or 
brownish-pink, and O black or very dark brown Much 
more rare are those with E pale straw yellow, and O dark 
red-brown, and E greyish-blue, and O indigo blue •'o 
black (usually moderate pleochroism) 

Inclusions are fairly common, frequently arranged 
fifuiallel to the “ c ” axis They are too small to identify 
wttti certainty, but appear to be rircon, apatite, and (?) 
sillimamte or rutile needles 



PL^rt II 



Fig 3 


Fig 4 
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Zircon and (?) Xenottme. 

Present in all localities except Elemore Hall. 

Occurs in small to medium-sized grains, most of which 
are sub-angular to rounded, frequently prismatic. Occa- 
sional grains have tjieir crystalline outline well preserved, 
in which case the forms (too), (no), (m), and (?) (311) 
may be seen. They are usually colourless, but occasional 
grains are seen which are yellowish in colour, often 
showing zonal structure, and being slightly cloudy in 
appearance. These may be xenutime, but spectroscopic 
examination could not be carried out. 

In samples E5, Fz, and Gz, zircons with a faint pink 
or purplish colour can be seen. Through the courtesy of 
Dr. W. Mackie 1 was able to examine the purple zircons 
which he has described, and I believe these to be of 
identical character. 

Very rare grains with a faint green colour, rather 
patchy in distribution, were also seen. One of these, a 
basal section, was anomalously biaxial, with a small optic 
axial angle. 

Both of these more rare types are described by Bos- 
worth as occurring in the sandstones of the Scottish 
Carboniferous rocks.** 

Zonal structure is fairly common. Many of the grains 
contain numbers of inclusions, usually crystalline and 
euhedral, but not infrequently minute and rounded. The 
inclusions, when acicular, are often arranged with their 
long axes parallel to " c,” but frequently have no definite 
arrangement. 

All of the minerals described above correspond in a 
very striking manner, not only in species, which is, in 
fact, not a very reliable criterion, but in actual type with 
those described by Bosworth in the article cited above.** 

Bosworth found garnet, zircon, magnetite, tourmaline, 
rutile, staurolite, anatase, and^ barytes in the Scottish 
Carboniferous rocks. All of these are present in the 
Yellow Sands with the exception of barytes, which, hoa^^ 
ever, has been found in the Lower Permian of Yorkshire 
by Lewis** and by Versey.** 
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In it&elt ihis assemblage has little ur no signihcance 
in determining the source ot the Yellow bands but when 
the types of etch mineral m cximined it will bt seen thit 
there is the strongest evidence foi the belief that the 
Yellow Sands minerals were derived cither from the 
Scottish Carbon if( rous or from the parent rocks ot the 
Scottish Carboniferous 

The correspondence between the /irccns of the two 
formations has already been pointed out In e'lch case a 
strong development of the dodecahedral cle'ivagt in the 
garnets is notable 1 he tourmalines are char ictenstically 
brown with numerous blue and greenish grains and are 
frequently prismatic with traces of pyramidal terminations 
Ihe staurolite which occurs sparingly in both deposits 
IS angular with toothed edges the teeth being large 
Bosworth finds the same three types ot rutile deep amber, 
brass or golden yellow and deep coloured in stout 
stumpy prisms with occasional geniculate twins those 
from the Carboniferous being angular or subangulir in 
general and those from the Yellow Sands being sub 
angular or rounded He describes the anatase -is being 
steel blue in colour while that of the Yellow Sands is 
brownish grej in each case the crystal outline is perfect 
which seems to point to seerndary origin pjssibh from 
the decompiosition of ilmenitc 

Thin sections yield little information in such an 
investigation as this even where it is possible to prepare 
them 1 he two which it has been possible to make how 
ever bring out in a striking manner the association of the 
large rounded grains with the small angular ones (see 
Plate II fig 2 ) The granulation of the quart/ has 
already been noted (p 442 ) 

Compirison with sections of the local Coal Measure 
sandstones and the Millstone Grit of Northumberland 
demonstrates the great lithological difference between these 
and the Yellow Sands The Carboniferous sandstones ire 
made up of angular grains often smaller than those of the 
Permian, and the quart/ only rarely shows strain shadows 
iknd never so far as the author has seen any granulation 
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IV. Straiigrapkical Relaitom, of the Yellow Sand^. 

The opinions of the earlier writers on the question of 
the relations of the Yellow Sands to the Coal Measures 
have already been set forth (pp.410-4l4)the consensus of 
opinion being that an unconformity exists between the 
two formations. This conclusion is amply confirmed by 
the new evidence which has been supplied by borings and 
sinkings passing through the Permian into the Coal 
Measures. 

A study of the borings and sinkings which pass 
through the Yellow Sands sliow^s that the Sands he at 
different places upon Coal Measure strata of varying age. 
This has been well demonstrated by some of Dr. Hopkins’ 
work on the correlation of the coal-se£ims of Durham. 
For example, at Seaham Odhery the Yellow Sands lie 
about eighty feet above the Grindstone Post, while at 
'Horden Colliery about six miles to the south, they lie on 
the Upper Seventy-fathom Post, much lower in the ^ 
series.^® 

Further evidence of the unconformity may be derived 
from the relationship of the Marl Slate to the Yellow 
Sands and the Coal Pleasures. 

The Marl Slate is a bed of finely laminated, calcareous 
and magnesian shale, varying from one to twelve feet in 
thickness. At places (e.g. Hetton Downs) the lower part 
is a stiff brown clay. Normally, the colour varies from 
the ordinary yellow of the Magnesian Limestone to a dark 
grey. It occasionally contains pyrite and traces of 
manganese. Towards the base it is sandy, and it l>ecomes 
more pure towards the overlying T^wer Magnesian Lime- 
stone, the amount of sand varying from about 40 per cent, 
to less than 5 per cent. In some places there appears to 
be an intercalation of the Marl Slate (or of similar material) 
with the Lower Limestone on the one hand, and the Yellow 
Sands on the other. 

There has never been any doubt as to the inclusion of 
the Marl Slate in the Permian, and of its equivalence with 
the Kupferschiefer of Germany, the fossil assemblage being 
practically identical in the two formations. 
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The occurrence ot the tossils is sporadic, certain 
localities having yielded a much inure varied assemblage 
than others, while many localities seem to be quite barren. 

While, as stated above, thin beds ot similar composi* 
tiun and appearance to the Marl blate occasionally occur 
in the Lower Limestone, and in the Middle Limestone, the 
bed which goes by the name ot the Marl Slate or Fish 
Bed always occurs under the Lower Limestone, and is 
conformable with it, where the two are not separated. In 
several localities, however, beds ot Yellow Sands occur 
between the Marl Slate and the Lower Limestone (c.g. 
Tynemouth Cliff). It seems, therefore, that the Marl Slate 
and the Yellow Sands were in part contemporaneous, if 
not entirely so, and that the Yellow Sands are consequently 
unconformable with the Coal Measures, and are correctly 
included in the Permian. 

K. Comparison with the Lower Permian of other Areas, 
(a) Yorkshire, 

Passing southwards along the outcrop of the Permian 
the total thickness diminishes. In Durham it is about 
1,200 feet;* in Yorkshire near Pontefract and elsewhere, 
the limestone becomes thinner and the Marl Slate a little 
thicker, the total thickness being 430 to 570 feet; while 
in Nottinghamshire the thickness at the outcrop diminishes 
considerably, being only no to 150 feet,^^ and eventually 
dying out altogether. 

Running in an E. — W- direction across the south of 
Durham and the north o( Yorkshire is an anticline which 
brings near to the surface the Lower Carboniferous rocks. 
Against this ridge the Yellow Sands appear to die out, 
but similar beds reappear farther south, in Yorkshire. 
Here they occur in isolated patches, and are thinner, the 
thickness rarely reaching twenty feet. 

In the south of Yorkshire the outcrop becomes con- 
tinuous, and breccias and marls form the lowest beds of 
the Permian. Jukes-Browne, in his Building of the 
British Isles, takes this as an indication that the southern 
shore of the Permian sea lay in this direction, the breccia 
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being derived in part from the Coal Measures, and possibly 
in part from the Charnwood rocks. 

Versey^*^ finds that in the concealed coalfield area of 
Yorkshire there is a definite arrangement of the Yellow 
Sands into parallel belts, and that at the south-eastern end 
of each belt the limestone is underlain by a black marine 
shale. Whether the shale is contemporaneous with the 
Yellow Sands or not, he leaves sub judtee. In Durham 
the author has been able to find no such parallel arrange- 
ment, but believes, as already pointed out (p. 448 ), that 
the Mari Slate is in part contemporaneous with the 
Yellow Sands. 

Coarse conglomeratic facies occur locally at Conis- 
borough and Castleford in Yorkshire, and these are 
attributed by Versey to local flood-washes (loc. cit.). Only 
in one place in the Durham area is there any record of such 
a conglomerate. The sinking at Blackballs Colliery passed 
through one foot six inches of a conglomerate which the 
late Dr. Woolacott described verbally to me as being 
composed of rounded quartz, chert, and Carboniferous 
limestone pebbles, with enennite stems (remani6). At 
Tynemouth Cliff at the junction with the Coal Measure 
sandstone there is a layer of the Yellow Sands about one 
foot in thickness, containing a few quartz pebbles (see 
p. 419 ), but this cannot be called a conglomerate. 

The Durham Yellow Sands thus appear to be, if any- 
thing, more uniform in their megascopic characters than 
those of Yorkshire described by Versey. According to 
this author the sandy beds in the two localities resemble 
each other closely. In each case the beds are made up 
of incoherent quartz sand, with rounded and ** polished ’* 
grains (? frosted). The quartz grains with the irregular 
type of inclusion predominate in Yorkshire as in Durham, 
but unfortunately no quantitative results are given. Versey 
also notes the presence of grains of quartzite, and strained 
quartz grains, while chert is evidently present in greater 
amount than in Durham. The felspars are identical in 
the two areas. 
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A comparison of the heavy minerals shows some slight 
differences in species, as fallows 


Cubic 

Tetragonal 

Hexagonal 

Trigonal 

Orthorhombic 

Monoclinic 


Durhatn 

Garnet 

Magnetite 

Rutile 

Aoatase 

Zircon 


Apatite 

Tourmaline 
Ilmenite 
? Haematite 

Staurolite 


Kiotite 

Muscovite 


Yorkthirt 

Garnet 

Fluorspar 

Magnetite 

Rutile 
Anatose 
Zircon 
? Cassiterue 

Apatite 

Tourmaline 

Ilmemte 


Staurolite 

Barytes 


Monaxite 

Lpidote 


1 he types of those minerals which occur in both areas 
are similar, except that the garnets present a greater 
vanety in the north Versey believes that the Millstone 
Ont and Coal Measures supplied the material for the 
Lower Permian of Yorkshire, with the possibility of some 
of the material having been derived from the Carboniferous 
1 imestone 


(b) West of the Penntnes 

Two mam areas of Permian occur on the west side of 
the Pennmes, one in Cumberland, Westmorland, and 
North Lancashire, and the other in the Manchester and 
Stockport area of South Lancashire 



In the northern area, according to Goodchild quoted by 
Sherlock, tlie buccession is : 

Upper 

Red marls and shales — probably Triassic. 

Magnesian F^imestone — o to lo feet. 

Hilton Shales — up lo 150 feet — Marl Slate. 

Lower 

Cupper red sandstones. 

Upper Brockram. 

Penrith Sandstone. 

Lower Brockram. 

In the Manchester area Hickling^® gives the following 
classification of the deposits : 

Bunter Sandstones. 

Permian Marls. 

" Permian Sandstones.” (a) True Permian, 

(h) Upper Coal Measures. 

Coal Measures. 

Correlation of the Durham and Yorkshire deposits with 
those of the west side of the Pennines presents considerable 
difficulty. Sherlock** discusses at some length the question 
of the correlation of the thin Magnesian Limestone of the 
Cumberland — Westmorland area with the Magnesian Lime- 
stone of Yorkshire, and finally reaches the conclusion that 
the limestone in the north-western area is the equivalent of 
the Lower Limestone of Yorkshire, while not overlooking 
the possibility suggested by Geinitz*^ that it may be Upper 
Zechstein, that is, Upper Magnesian Limestone of 
Woolacott. 

With regard to the beds underlying the Magnesian 
Limestone series, Sherlock believes it to be possible that 
these beds, which Goodchild r^arded as Rotli^rende 
(i.e. Lower Permian), may actually belong to the Upper 
Coal Measures, as does the greater part of the ** Rot* 
Hegende of the Midlands. If this is not the case, there 
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are two other possibilities, according as ue accept the 
Magnesian Limestone as the equivalent at the Upper or 
the Lower Magnesian Limestone ot the eastern area If 
the Cumberland Limestone is the Upper Magnesian Lime- 
stone, then Sherlock supposes that the underlying 
arenaceous and conglomeratic beds include an equivalent 
of the Lower Magnesian Limestone ot Yorkshire and 
Nottinghamshire ’ In the other case, the Penrith Sand- 
stone and the Brockrams, he says, must have been formed 
" during part ot the interval represented elsewhere by 
the great discordance between Carboniferous and Permo- 
Irias ” 

While a discussion of this question is not entirely 
relevant to this paper, it may be said that the lithological 
characters of these deposits appear to favour the last opinion 
rather than the first The presence of thick beds of con- 
glomerate — the Lower Brockram reaches 1,500 feet in thick- 
ness in places — and of the Pennth Sandstone with its 
millet-seed grains, points to accumulation under terrestrial 
conditions, with accompanying violent erosive action 

In the Manchester area the Permian Marls contain 
numerous thin bands of " highly calcareous marls " 
-(Hickling, op cit , p 10 ), these bands being rarely more 
than two or three inches in thickness H B Geinitz 
examined the fossils from the marls, and classified them 
as Upper Zechstein, but with this conclusion Sherlock does 
not find himself in agreement, preferring to regard them 
as equivalent to the Magnesian Limestone senes of 
Cumberland and Westmorland, and consequently to 
the Lower Zechstein (Lower Magnesian Limestone of 
Yorkshire) 

Of the sandstones underlying the Permian Marls 
Hickling says * 

“The ‘Permian Sandstones' probably include 
some strata of Upper Permian age, but the thicker 
masses of this sandstone are in the mam considerably 
older, being possibly the equivalents of the Keele Sand- 
stones of North Staffordshire ’’ 
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An isolated patch ut Permian occurs at Skillaw Clough, 
Bispham, Lancs. Here " six feet of Magnesian Lime- 
stone rests on thirty feet of marls and shales that have 
yielded Zechstein fossils. Below the Marls are thirty-five 
feet of .soft red sandstone resting on Millstone Grit. In 
this case we can assign the rocks to the Magnesian Lime- 
stone series.” (Sherlock, op. cit., p. 40.) 

Miss M. Workman has examined these rocks petro- 
graphically, and finds the following minerals : 

Pyrite, magnetite, garnet, rutile, anatase, xenotime(?), 
zircon, tourmaline (grey and brown), ilmenite, haematite, 
hypersthene, muscovite, epidote, chlorite, and monazite. 

She concludes that the sandstones were derived from 
the Millstone Gnt.’^ 

It is thus difficult to find any real grounds for making 
a close correlation between the Yellow Sands and any of 
the Permian strata west of the Pennines, although diere 
is a possibility that the sandy facies at the base of the 
Permian Marls in the Manchester area, and the red sand- 
stone of Skillaw Clough, are equivalent in point of time 
to the Yellow Sands. 

(c) Germany. 

In Germany the Upper Permian, or Zechstein, agrees 
very closely with that of the north-east of England. 

The divisions given by Kayser** are as follows: 

Upper Zechstein 

Upper clay, with newer gypsum and 

dolomite intercalations. 

Middle Zechstein 

Stinkschiefer and Great Dolomite. 

Older gypsum, rauchwacke, and ashes. 

Lower Zechstein 

Zechstein Limestone. 

Kupferschiefer. 

Zechstein conglomerate. 



Ihc fossil 'issembltigL of the Kupferschieter coincides 
to a remarkable degree with that of the Mirl Slate, and 
on these grounds, as well as those ot stratigraphical position 
and lithological character, there need be no hesitation in 
correlating the two beds 

I he Zerhstein conglomerate is desenbed by Beynch 
and tek'^* as 


\ coarse, sandy or conglomeratic deposit, seldom 
over three feet, and at must six feet thick, containing 
pebbles of decomposed greywacke varying from the 
size of an egg to that of one s fist, and also sparse 
quartz pebbles, but never pebbles of eruptive rocks of 
the Rotliegenden It forms in the southern Harz from 
Sterna to Sangerhaustn the unfailing underlying 

bed of the Ixupferschicfer 

In the Mansftld area it is described*^ as 


“ A layer of rather coarse, grey, peculiarly round- 
grained sandstone, varying from o 02 to 2 o metres in 
thickness, in which Beynch has distinguished the 
habit of the ‘ Zechstein conglomerate/ in spite of the 
fineness of the material * 

The name Weisshegende or Grauliegende has been 
used for this sandy phase, whose description coincides 
closely with that of the Yellow Sands It was formerly 
included as a bleached phase of the “ Upper Rotliegende 
The authors of the Memoir quoted,** however, state that 
the deposit always accompanies the Kupferschiefer even 
where it lies unconformably on the Rotliegende, and hence 
that it should be included in the Lower Z^hstein 

It 19 evident that this deposit is in every way analogous 
m stratigraphical position, and probably in mode of origin 
to the Yellow Sands, and should therefore be correlated 
with them 
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VI. Summary and Conclusions. 

buminaruing the evidence which has been presented, 
the Y ellow Sands may be described as a loosely-cemented, 
or incoherent sand occurring at the base of the Magnesian 
Limestone series in Northumberland and Durham. The 
thickness varies rapidly and irregularly from o to 150 feet, 
while Its distribution along the outcrop and beneath the 
Magnesian Limestone is sporadic, and it disappears 
completely in the south of Durham against a ridge of the 
Lower Carboniterous. 

It is commonly yellow in colour, but there are irregular 
areas of dark brown, white, grey, and bluish colour. The 
yellow colour is probably original, and the variegation due 
to secondary changes. In many places it is false-bedded 
after an leolian type, but occasionally it shows what seems 
rather to be current-bedding. There is little evidence to 
show that this current-bedding occurs more frequently at 
the top of the Yellow Sands rather than at the bottom. 

Elutriation shows that there are two grades which are 
predominant, one between 005 mm. and 0-15 mm. diam., 
and the other, less definite, between o*6 mm. and o-8 mm. 
diam. This is taken to indicate aeolian transportation o€ 
the grains. 

The heavy minerals agree in species and type with those 
of the Scottish Carboniferous rocks. The quartz grains are 
frosted, and the larger ones well rounded, while the 
inclusions contained in them indicate a dual granitic and 
metamorphic source, according to the criteria of Mackie. 

Intercalations of Marl Slate material, Yellow Sands, 
and Lower Bedded Limestone (lower part) are seen 
occasionally, and indicate that the three deposits were in 
part contemporaneous, although the general succession in 
this area is, no doubt, from Yellow Sands through Marl 
Slate to Ix)wer Limestone. 

The Yellow Sands are held to be the equivalent of the 
Lower Permian of Yorkshire aqd of the Zechstein con- 
glomerate of Germany. 

It is concluded that the Yellow Sands were mainly a 
deposit of sand on the shore of the Permian sea, the 



material being derived partly trom the Carboniferous sand- 
stones in the immediate vicinity, and probably partly from 
an area to the north in which sandstones and some granitic 
and metamorphic rocks were undergoing denudation. 
While the Yellow Sands were being deposited on the shores 
and in the country immediately behind, the Mar! Slate was 
being laid down as a calcareous mud in lagoons fringing 
the shores. 

It IS likely that the land had been denuded to a state 
approaching peneplanation, and that at this time a renewal 
of movement was just commencing. With the sinking of 
the coast the lagoons were gradually invaded by the sea 
which deposited the I-,ower Limestone. While these move- 
ments were in progress the Yellow Sands would occasion- 
ally be blown into the lagoons, giving rise to the inter- 
calations of sand with shale and limestone now found* 

The author wishes to thank Professor G. Ilickling of 
Armstrong College, Newrastle-up>on-Tyne, under whose 
guidance this work was carried out, for continual advice and 
constructive criticism, and also Dr. J. G. Kellett, now of 
the West Riding County Education Authority, who 
collaborated in the earlier field-work. 
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t XI LANATION OF Pi ATFS 


PlaU I 

Map showing* outcrop of Yellow Sands and contours on surface 
of Coal Measures 

Fig I Specimen of consolidated Yellow Sands showing nodular 
structure due to segregation of calcite About two thirds 
natural size 

Fig 3 False bedding in Yellow Sands at Claxhcugh 
PUU II 

Fig I Thin section of consolidated Yellow Sands showing 
unstrained and shghtlv strained quartz grains 

Fig 3 Similar section showing large rounded nain of quartz 
with intense strain shadows Note small sub-angular 
grains set in matrix of calcite 

Fig 3 Gram of quartz schist 

Fig 4 Angular and sub-angular grains of quartz and micro 
dine with calcite cement 


All of the above figures on Plate II photographed between 
crossed nicols Magmfication X50 
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CHARACIERISIICS Oh POLAR AND NON- 
POI AR CHLMILAI Rh \C 1 IONS 

W A Waifrs, m a ^ PH d 

It ih now commonplace to classity molecules after the 
manner uf G \ Le>vis into Llectrovalent compounds like 
sodium chloride and Covalent compounds like chlorine 
Substances like sodium chloride are in reality lon^Patrs 
held together by nothing more than the electrostatic 
attraction bet'ween the individual ions, and there is no 
intrinsic difference between their dissociated and 
undissociated ’ states apart from the independent 
mobility of separated ions and a certain amount of 
electrostatic deformation of each ion in an lon-pair lon- 
Pairs, however^ cannot be distinguished by any direct test 
from the essentially diflFerent Covalent molecules, for even 
the latter can piossess permanent electrical dipole moments 
and may dissociate so as to give ionized radicals 

Covalent molecules, which do not contain sufficient 
electrons for each atom to acquire its own exclusive octet 
of electrons, are constituted of atoms which complete their 
stable electronic octets by the process of electron faring 
— two electrons forming one chemical bond Whereas 
Ion-Pairs can only react by the separation of their pre- 
existing ions, and interchange of these with other ions, 
the Covalent compiounds can react either by Symmetneal 
Fission into free Neutral radicals — 

e g Cl, 2C1 

or by Unsymmetrical Fission into a Positive Ion 
containing only six electrons and a Negative Ion with a 
complete octet : — 

eg Cl, — ^ C1+ + Cl 

Most chemical reactions, even in Organic Chemistry, 
involve ionization, a fact remarked on by Lapworth 
in 1901 ' These reactions can be interpreted by the 
modern theories of Polarity (as developed by Lapworth, 



460 

Robinson, Ingold and others), which start from the 
practicability of classifying atoms, and the compound 
radicals of organic chemistry, into Anionoid and Cationoid 
reagents according to whether they tend to act as Anions 
like Cl" or Cations like Na+^. 

There are known, however, some chemical reactions 
which occur under conditions in which lonixation would 
seem very improbable, and in many such reaction mixtures 
no ions can be found. These changes may be Non* 
Polar reactions, in which are concerned only electrically 
neutral radicals and molecules. Definite characteristic 
circumstances can be applied to differentiate between the 
polar and the non-polar reactions. 

Chlorine may be taken as a typical covalent molecule 
that is capable of acting both in polar and in non-polar 
fashion. It is well established that the dissociation of the 
dry gas by heating, or by irradiating with ultra-violet 
light, is decomposition into neutral atoms — possibly 
activated atoms — but still not ions. The modern con- 
ception of this change^ is to suppose that at a particular 
instant the molecule acquires sufficient energy to disrupt 
the electron pair, one electron thereby becoming planetary 
to each atom only : the normal rotational (or other) kinetic 
energy of the molecule then results in the spatial separation 
of the neutral atoms. The change is, like any other light 
absorption or emission, a discontinuous one, instantaneous 
in occurrence. That is to say, it is of Explosive character. 

The free neutral atoms are capable of reacting instantly 
with neutral molecules on mere collision 

e.g. Cl + H, > HCl + H : 

In this way are propagated rapid chain reactions. 

Many other atoms act similarly, as for example sodium, 
which, in the state of the monatomic vapour, can 
decompose halogens and both organic and inorganic 
halides.* * 

Polar reaction of chlorine occurs, in contrast, in 
solutions at moderate temperatures and requires no 
extraneous supply of light or heat energy. The 
“ positive ” and “ negative ” natures of the reaction 
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products are best shown through the chemical reactivities 
of the substances produced, as in the case of the reaction 
with acetanilide:-- 

/COCUn /C0CH» 

Cl, + Ph-N-H HCl + Ph-N-Cl 

Polar dissociation is promoted by the presence of ionizing 
solvents (e.g. water) which lessen the magnitude ot the 
inter-ion 1C attraction once the incipient ionization has 
occurred, and more particularly by polar catalysts which 
promote the separation ot the free 10ns. Thus sodium 
hydroxide promotes the dissociation 

Cl, — > ci^ + cr 

because it supplies a high concentration of OH~ ion, 
which will combine readily with the reactive Cl^ ion to 
give the stable molecule H-O-Cl. 

One can say to-day that the polar dissociation of a 
covalent bond is brought about by the Induction of 
Electrical Polarity (i.e. Electrical Dissymmetry) by vicinal 
electrical fields — from adjacent molecules in any reaction 
mixture, or pierhaps by polar groups situated elsewhere in 
the same molecule. 

in Organic Chemistry it is evident that the carbon- 
carbon linkage, like the chlorine-chlorine linkage, is 
capable of dissociation either in polar or in non-polar 
manner. For example, hexaphenyl ethane dissociates 
both in polar solvents like liquid sulphur dioxide, in 
which it gives conducting solutions, and in non-polar 
solvents like benzene, giving different types of absorp- 
tion spectra in the two solutions.” For the existence 
of the two ions the properties of derived compounds — 
carbonium salts and metallic aryls — bears evidence. For 
the existence of the free neutral radicals there is again 
direct evidence from the marked way in which triphenyl- 
methyl will combine with other free neutral radicals. 

Ph,C- + -I >Ph,C.I : ,PhiC' + NO — ->Ph,C-N- 0 * 

* For the relative stability of the ** free radical " NO, whicU 
contains an odd number of dectrons, cf. Pauling, J.A.C.S., ig 3 X, 
53 , 3230- 
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Since the transitory existence of the free neutral methyl 
and ethyl radicals (prepared by thermal decompositions) 
has been demonstrated by Paneth* there is no reason to 
suppose that any hydrocarbon radical should be incapable 
of acting in this same non-polar manner 

Of non-polar types of reactions, CombtnaUon of two 
neutral radicals each containing seven electrons and 
eventually gaming one more to complete the octet, is 
characteristic and apparently occurs instantaneously on 
the mere collision of the two partiilcs 

Its reverse, the Dissociation of a covalent molecule into 
neutral radicals, seems to be brought about only by 
thermal or photochemical activation and not by catalysts 
If the carbon-carbon single bond can be broken to give 
two free neutral radicals, then the carbon-carbon double 
bond could be partly broken to give two free valencies and a 
single bond Similarly a triple bond could be broken to 
give two free valencies and a double bond Consequently 
the original mechanism, due to Kekuld, of addition to an 
unsaturated compound is still a valid one 

CH, Br CH. Br CH,— Br 

II + I — I + I 

CH. Br CH. Br CH.— Br 

For the non-polar action of photochemical halogen 
addition to unsaturated compounds, experimental evidence* 
indicates that the halogen molecule must first be activated 
(1 e dissociated) by absorbed light energy before it can 
react with the organic molecule The neutral halogen 
atoms thus produced may, however, add on independently 
and not simultaneously Consequently, if free rotation 
about a single bond in the reacting organic substance be 
admitted, one can explain both Cis-Trans isomerization 
of olefines and the Trans addition of substituent groups * 
If the organic compound also can be activated directly 
by light, then such photo-polymenzation as of cinnamic 
acid to the truxillic acids, or anthracene to dianthracene, 
can be explained In the latter case the dissociabihty of 
the valency bond in the central benzenoid nng of the 
corresponding diphenyl-anthracene has been proved 
conclusively ** This photo-polymenzation to yield ring 
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compounds is a different type of process from the chain 
polymerization recently investigated by Staudinger and 
others.^* 

Free metals are capable of acting like the halogen atoms 
and combining with neutral radicals. Conversely neutral 
radicals are produced by the thermal dissociation of metallic 
alkyls.* When a metal like sodium combines with a free 
monovalent radical there is a transfer of one electron from 
the metal, and consequently the reaction is more properly 
the action of the single electron. Metals producing free 
radicals 

e.g. Na- + CH,C1 > Na*Cr + ClI, ‘ 

Na- + Ph/:=0 > Ph,.C— 0~ Na* 

act quite differently from metallic ions and salts with 
which mere replacement of one ion by another radical 
takes place. 

t- - +- +- 

e.g. reactions of N a NHi ; Na CH(COOEt)t ; Na CsCH. 

Sodium metal, in giving a single electron to the double 
bond, can, like a halogen atom, bring about cis-trans 
isomerization*^ probably by the same mechanism. The 
free radical NO is also an inverting agent, as in the oleic 
acid — elaidic acid change. 

In classifying free neutral radicals, R. Kuhn** has 
considered paramagnetic character to be diagnostic of odd, 
unpaired, electrons. Now oxygen gas is almost unique 
in being a paramagnetic molecule, and actually oxygen 
does have the characteristic reactions of the free neutral 
radicals. It combines with metals and free radicals to 
give peroxides, such as Ph,C-0-0-CPh„ and will add on 
to olefines to form moloxides, probably containing a four- 
membered ring. 

e.g. O-O- + Ph,C = CH, >Ph,C— CH, 

• • 

0—0 

Further, auto^xidations are very frequently photochemical 
reactions. 

One of the forms of Active Nitrogen may have 
similar, neutral, free-radical type of structure.* 

The action dissociation — ^the reverse of thcrnon-pidar 

addition — might be expected to be non-polar when brought 



about by heat, light, or mechanical shock in the absence 
of catalysts. The explosive decompositions of azides and 
of free diazo compounds are of this character. For 
example Thiele’* found that azomethane, CH,-N=N-CH„ 
decomposed spontaneously on heating, giving gases among 
which H, and were present only in small proportion; 
ethane therefore being the chief product, a fact verified 
by Ramsperger,** who also showed this action to be 
capable of photochemical activation. Wieland,’® develop- 
ing this, has obtained more definite evidence for the 
production of free radicals on thermal decomposition 
of azo compounds, for acetyl-azo-triphenylmethane on 
decomposition in an inert solvent gives tnphenyl methyl, 
and in presence of air (oxygen) yields also triphenylmethyl- 
peroxide and a trace of diacetyl peroxide. Very often 
in the reactions of diazomethane and of diazoacetic ester 
there is evidence of a two-stage process; addition, probably 
by a polar mechanism,’^ being followed subsequently by 
elimination of nitrogen gas. The Buchner-Curtius reaction 
and the Schlotterbeck reaction^' can be used to exemplify 
this. 

If one thinks of the elimination of nitrogen as 'N=N’ 
being the non-polar process, then with this same group of 
reactions must be classified the elimination of nitrogen 
from syn-diazo compounds, as used so extensively in the 
laboratory in the reactions associated with the names of 
Bamberger, Sandmeyer, Pschorr and others. 

e,g. Ph.N = N-OH > Ph-OH + N, 

In connection with this it may be noted that diazonium 
salts, which could not decompose in this way, are much 
more stable than the diazo compounds with which they 
are in tautomeric equilibrium. The function of the 
cuprous salts in the ^ndmeyer reaction may be to give 
covalent copper co-ordination compounds which could 
decompose in this non-polar way. 

Analogous non-polar decomposition has been proved 
to occur with aldehydes and ketones, which on heating 
yield carbon monoxide — a molecule isosteric with that of 
nitrogen. This reaction is a photochemical one, occurring 
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with light of wave-lengths below the pro-dissociation limit/* 
which is the stage at which dissociation of the molecule 
may commence. No ions are formed, and the free radicals 
may have no appreciable independent existence, as they 
combine with each other too rapidly for molecular 
collisions to intervene and make it possible for mixed 
products to be formed. Thus photolysis of a mixture 
of benzaldehyde and acetaldehyde yields only carbon 
monoxide, benzene and methane, and not hydrogen, 
diphenyl, or ethane. 

The same rapid union of the free radicals would be 
anticipated in the decomposition of the azo compounds. 

The classification of chemical reactions into polar and 
non-polar groups is not so easy in the case of substitution 
as in the cases of addition or dissociation. Collisions of 
free atoms or radicals with covalent molecules can un- 
doubtedly bring about substitution, provided the colliding 
particles have already sufficient energy of activation to 
bring about the disruption of the covalent bond in the 
original molecule.* Halogen molecules can be activated 
either to atoms or to ions, and consequently the nature of 
hak^en substitution is not discernible without thorough 
examination of experimental conditions. The action of 
chlorine on methane in sunlight, giving methyl chloride, 
is possibly non-polar, and preceded by photochemical 
dissociation of the chlorine. The reaction between 
chlorine and trichloro-bromo-methane certainly is of this 
type/* The reaction between benzene and chlorine to 
give chlorobenzene in contrast is probably polar, for it 
occurs most easily in the presence of polar catalysts and 
at a low temperature. The photochemical action between 
chlorine and benzene indeed affords a sharp contrast, for 
the hexachloride CgH^Cl^ is produced instead — the typical 
non-polar addition to an olefine. 

Perhaps photochemical substitutions could be regarded 
as non-polar and all others polar in type. In the case of 
toluene it might be possible to make a rough dfstinction in 
this way between the high temperature, photochemical,, 
side-chain substitution and the low temperature, catalysed!,, 
nuclear substitution. 
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From the above considerations it appears that in general 
photochemical activation may be concerned with non-polar 
change, in which odd, unpaired, electrons are concerned. 
In the same way the excitation of any atom to emission 
of a characteristic spectral line involves the movement of 
one electron from one quantized orbit to another; the 
light being emitted on the return of the atom from the 
less stable to the more stable form. 

In organic compounds at least, all the optically excitable 
electrons of the constituent atoms are involved in the 
formation of covalent bonds, and hence emission of light, 
as in the phenomenon of fluorescence, must be concerned 
with the re-formation of stable valency bonds.’* 
Fluorescence is invariably associated both with chemical 
reactivity and with “ pre-dissociation ** of a molecule. 
Since all fluorescent organic compounds belong to types 
which can give free neutral radicals either by dissociation 
or by addition of alkali metals, may not the emission of 
fluorescent radiation be diagnostic evidence of non-polar 
decomposition of a covalent bond, the actual light 
emission occurring some io~* seconds later when the free 
radicals unite together again with loss of the extra acquired 
energy in the form of radiation ? 
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